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edwin amplifier ... А 
This is a design for a high-q based on an earlier 20 W design. The amplifier embodies 
some unusual design features and the construction is problem-free. 


miniature атрііёег........................... эел s Sia өг Га! sistas viel stearate 5 
The circuit will operate from а 4.5 V battery and can be used to amplify the output of a crystal pickup to drive 
а small loudspeaker or headphones. The circuit is not outstanding for its power or quality, but it is simple and 
reliable. 


versatile digital clock ............. 5 56 
‘One-chip’ digital clocks, such as the ММ! . How- 
ever, they are not ideal for driving external devices such as time signals, calendars, etc. This is where a ‘conven- 
tional’ clock design with standard TTL ICs scores; it has а BCD-coded time output, as well as pulse train out- 
puts giving repetition rates varying from one per second to one per day. 


phasing — С. Knapienski and Е. Mitschke . . Я dos 
Nowadays there are a great number of methods of producing unu: tro ind effects. 
effect is ‘Phasing’ and in this article this is accomplished, somewhat unusually, by using a ‘path filter’. 


disco lights оа а... врага ep sm areis ote PCIE y 
Various kinds of psychedelic flashing light display 
circuits are discussed here of varying complexity. 


Ota oooocedabt оаа оо OD UR ECCE DORT E 
The OTA (Operational Transconductance Amplifier) is a new type of opera: | ai in be 
determined externally by the value of the output load resistor, and by the so-called bias current. The latter 
makes it possible to control the gain instantaneously over a range of about 80 dB by an external potential. 
Since the OTA will be used in several Elektor projects, an explanation of the working principles of this device 
should prove useful. 


зева hs Сах: ыу а ee dee а, эк» cis TADA I odes 
The care of aquaria during holidays can be something of a problem. However the device described he: 
overcome this problem by automatically dispensing the required Quantity of feed each day. 











tri-stable — J. Корег.. л 


roll out the bandit — L. Wiechei раки 

The disadvantage of the ‘three-eyed bandit’ (Elektor No. 2 page 238) 15 that 

stop the three oscillators and obtain the final display. Thus the tension and antici п obtained with a real 
one-armed bandit as the number drums slowly grind to a halt is mi . The circuit described here overcomes 
this by providing an output whose frequency slowly reduces until it finally stops. 


осоо bia srs eee ы, 
dual slope дут — H.L. Krielen ........ 


A design is described for a basic 2% digit digital voltmeter using the dual-slope integration principle. The DVM 
has a full-scale sensitivity of 199 mV, but may be extended at the constructor's option. 
lep — A. Schulz . чай 


A СЕР (light emitting pistol) with elect; 
fair attraction ‘the shooting stall’ to the living-room. 


bicycle trafficator — N. Beun . 


30 mhz amplifier — W. Kümmel ваен КЕИ. T3509 
The input threshold voltage of TTL IC's lies between 1.8 and 3 volts. This simple transistor amplifier can be 
used to amplify relatively low-level signals to a level suitable for driving frequency counters and other 
equipment. 





ck operating directly from a crystal refer- 
апе Using this IC а compact clock can be constructed which is eminently suitable as a car clock or portable 
clock. 
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You can now obtain 
these best-selling 
reference works 
through Elektor 

at Canterbury: 
















First book of transistor| 
lequivalents and substitutes 
40 р) 






Second book of transistor 
equivalents and substitutes 





Handbook of integrated circuits, equiv- 
alents and substitutes........- 75 


Practical electronic 
science projects . . 75р 


Practical stereo and quadro- 
phony handbook .. .75p 


1 enclose remittance of | 


for the books and 
20 p post and packing. The books are post free 
if ordered with Elektor magazines or printed 
circuits. 


E5 















Guest 
Speaker 


The Castle 8. RS. DD. 





A highly sensitive, 

full range eight inch unit 
designed for use in the recommended cabinet, or 
one of similar dimension. 

Suitable for use with good quality stereo 
installations, tape recorders, car radios, public 
address and background music systems, it hasa 
frequency range of 50 to 20,000kHz - the lower 
limit variable with increases in cabinet volume. 
Recommended retail price is £9.00 excluding VAT. 
Aluminium Voice Coil 
High Flux 14,000 Oersteds Ceramic Magnet 
Roll Surround 
Double Diaphragm 
8" Die-cast Chassis 
8 ohms Impedance 
15 Watt DIN Power Handling 


Castle. С 
Acoustics Limited 


Park Mill, Shortbank Road, 
Skipton, Yorks. Tel: Skipton 5333. 
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Automatic tester for mono and 
stereo broadcast circuits 


For regular interchange of programmes, 
broadcasting organizations use special 
programme circuits placed at their dis- 
posal by the telephone administrations 
either as permanent connections or, if 
they cross national borders, as tempor- 
arily established transmission paths. 
Until now, assessment of the quality of 
such circuits was performed manually 
and met with some difficulties, es- 
pecially in the case of international 
programme transmission (non-uniform 
test methods, different test instruments), 
as well as being unsatisfactory with 
regard to the time required for lining-up. 
With automatic tester K 1060, Siemens 
are now offering an instrument for auto- 
matic quality supervision of mono and 
stereo programme circuits. 

The automatic tester, designed accord- 
ing to the most recent CCITT rec- 
ommendation for programme circuits 
from 30 Hz to 16 kHz, consists of a 
transmitter and receiver, each contain- 
ing a test and control unit, and a high- 
speed recorder. Among other things, the 
weighted (psophometric) and un- 
weighted noise, non-linear distortions, 
level step, frequency response,‘tével 
difference and sum level, phase differ- 
ence and crosstalk can be assessed. Two 
main routines (mono and stereo) and 
nine sub-routines are available. The 
automatic test routine for mono cir- 
cuits, including printout of the record, 
takes only about 133 seconds, while 
that for stereo circuits takes about 370 
seconds. 

The test unit of the transmitter contains 
two spot-frequency generators and a 
function generator which supplies vari- 











ous spot-frequencies at certain input 
voltages; a frequency sweep from 30 Hz 
to 16 kHz is achieved by using a variable 
dc voltage. This dc voltage increases 
exponentially, producing a logarithmic 
frequency sweep. In addition to this, 
beginning at 50 Hz a pulse is added to 
the signal at each octave, the recorder 
registering the pulse as a frequency 
marker. The output voltages of the 
three generators are supplied individu- 
ally or in a combination, depending on 
the test mode, to an amplifier; they are 
then set automatically by means of vari- 
able attenuators to the exact value re- 
quired in each case. The outputs for 
channels A and B are balanced and 
floating. For monitoring purposes, the 
test routine in progress can be followed 
over the built-in loudspeaker or over 
earphones. The control unit of the 
transmitter, which is equipped with a 
clock generator, is used for automatic 
step-by-step execution of the test rou- 
tine. 

The test unit of the receiver has two 
balanced floating transformer inputs 

of identical design for channels A and 
B. The test circuit for channel A has 
attenuators in front of and behind the 
amplifier which can be cut in auto- 
matically according to the test mode. 
These are followed by various filters 
for weighted and unweighted measure- 
ment of noise, non-linearity and cross- 
talk. The signal is applied via a further 
amplifier to the rectifier, whose output 
voltage is passed through a logarithmic 
network to obtain level-linear indication 
on the recorder. Here again, the test 
routine can be monitored over the built- 
in loudspeaker or over earphones, The 
test circuit for channel B is similar in 
design to that for channel A. As in the 
case of the transmitter, the control cir- 
cuit of the receiver is equipped with a 
clock generator, and in addition to this 
it has automatic start-signal selection 
facilities. 

A high-speed recorder is connected to 
the output of the receiver to record the 
test result. The utilized recording width 
is 100 mm, corresponding to a range of 
20 dB for level measurement and 50 
angular degrees for phase-difference 
measurements. 


Modem without modulation 


For the transmission of data signals over 
switched telephone networks, modems 
are used to modulate the dc signals on 
the send side and to demodulate them 
on the receive side. If dedicated circuits 
are used, however, which is especially 
favourable over short distances - in con- 
urbations for example - transmission 








equipment can be used which operates 
without modulation and which is there- 
fore less complex. One device of this 
kind is the Modem №10 developed by 
Siemens, which uses direct-current key- 
ing for transmission. 

The Modem N10 is suitable for data 
transmission over metallically coupled 
two - or four-wire lines at bit rates of 
up to 9600 bit/s. The device has no 
fixed code or speed and permits all 
conventional operating modes — 
simplex, half-duplex and duplex oper- 
ation. This last mode is also 

possible over two-wire lines, which 
substantially reduces line costs. The 
maximum range is rated - depending 
on operating mode and speed - at al- 
most 30 km. Under adverse operating 
conditions and with a bit rate of 2400 
bit/s the error rate is only 1079, i.e. 
out of 100 million characters one may 
be falsified. 

The device may also be used for multi- 
point operation. In this mode, one 
control station transmits over only 
one line to a number of outstations. 

A station address is previously speci- 
fied, so that the message is only evalu- 
ated by the data terminal for which it 
is intended; if necessary, this can then 
return an answer to the control station. 
The operational integrity of the Modem 
N10 can be checked at any time with 
the aid of the built-in test facility 
without further aids. The interface to 
the data terminal corresponds to the 
relevant CCITT Recommendations, so 
that the modem can interoperate, 
without matching problems, with the 
same data terminals as the modems 
employed for the speed range up to 
9600 bit/s over switched telephone 
circuits. 
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BOOK CORNER c 


ELECTRONIC COUNTERS 


R.M.M. Oberman 
A Basic Handbook for the Electronics Industry 


Ө Reviews counters commercially available as single-chij 


integrated circuits and suggests new 
circuit ideas 





ө Discusses many other designs which are new and on which information has not previously been 
published. 


© Design ideas are included for, among others, programmable asynchronous and synchronous 
binary counters, decade counters, reflected binary counters, error-detecting and single error 
counters with accumulators, m-out-of-n or constant ratio counters, pseudo random number 
generating counters, log» counters, sin-cos generating counters, shift register counters and 

gateless counters 
£6.30 


MAGNETIC BUBBLES 


A new book available from New Electronics T.H. O'Dell 
6 information-packed chapters cover: 

the theory behind them 

their magneto-static stability 

the materials in which they can be induced, and how 

their dynamic properties 

how to control their propagation to make practical devices 

a wide range of practical applications 

other interesting possibilities not yet fully exploited 


eo > ot 














The experiments wall be useful for a 


ELECTRONIC 
COUNTERS 






ational amplifiers as measurement ampli- 
fiers and in active filter circuits, the 


If you want te know more about magnetic bubbles and how they may be used, or if you аге 
interested in new technologies for information storage and retrieval, this book will make fasci- 
nating reading. £8.85 
d 4 
т т а 
SPECIAL PREPUBLICATION OFFER : 
(o. е е зе k 
2 New books for the practical electronic engineer |: 
i 
t 
Experiments with operational amplifiers Linear integrated circuit applications | : 
by G.B. Clayton by G.B. Clayton i 
This book covers a wide range ot practi- This Ы “ок is concerned with the newer | І 
cal operational amplifier applications. It circuits , now available, important for E 
provides circuits which include compo- such things as signal measurement and | | 
nent values, and suggest measurements processing systems. t ( 
that сап be made in order to study сіг- After first looking at how to use oper- 1 
cuit action. 
] 


large variety of measurement and instru- 
mentation systems. The way in which 
performance errors are related to the 
characteristics of the particular amplifier 
used in a circuit are treated in an 
appendix. 


Paperback. >.» зы £ 3.30 
Hardcover........... £6.85 





Please supply the following (all prices include postage & packing): 
сору/сорёе of Electronic Counters by R.M.M. Oberman at £ 6.30 per copy 
copy/copies of Magnetic Bubbles by T.H. O'Dell at £ 8.85 per copy 


-opylcopies of Experiments with Operations! Amplifiers by С.В: Clayton carus 
at E 7.30 per copy (hardcover) 

сору/соріез of Experiments with Operational Amplifiers by G.B. Clayton 

at £3.30 per copy (paperback! 


To: Technical Book Services Ltd. 











copy/eopies of Linesr Integrated Circuit Applications by G.B. Clay 
at £ 7.30 per copy (hardcover! 

copy/copies of Linear Integrated Circuit Applications by G.B. Clejtos 
3: £3.30 per copy (paperback! 










book then deals with the more recently 
introduced паг integrated circuits, 
monolithic integrated circuit modu. 
lators, four quadrant multipliers, timers, 
waveform generators and phase locked 
loops. 


Paperback . . 
Hardcover . . 











Dept. Еб 1 enclose £. 
25 Court Close 

Bray Name 
Maidenhead 


Berks. SL6 2DL Address 
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New mounting technique ensures 
high-reliability circuitry 


In the past, there has been no lack of 
effort to find an economical and reliable 
way of replacing the conventional 
system of wire connections currently 
used in semiconductor production. 
AEG-Telefunken have now succeeded, 
with their ‘Sicon’ process, in developing 
a technology which cuts out the 
hitherto-unavoidable human factor and 
reduces the cost of the ‘connection’ 
stage in the mounting process to a mere 

11% of what it was before. In a second 

stage of development it should be re- 

duced to 5%. 

The starting point in the new mounting 

process is the use of a new metal alloy, 

different from those used in current 
metal-plating processes, for plating the 
connection-points on the active el- 

| ement. 

O Aluminium plating is replaced by a 
heavy-metal contact system based on 
an alloy of titanium (Ti), tungsten 
(W for wolfram) and gold (Au). 

O Gold balls are 'grown' electrolyti- 
cally on the contact-point areas 
of the semiconductor chip. 

This process has largely eliminated 

‘purple plague'* and has achieved 

a minimal degree of electron mi- 

gration. 

In contrast to all other techniques so far 

known, the die is directly bonded with 

the body of a dual-in-line strip via an 
intermediate layer having a good 
thermal conductivity. For the connec- 
tion between die and body a nickel- 


| plated spider is used. This is held in a 





frame, which is in turn fixed by four 
narrow transverse bands. Since the 
spider is accurately positioned with 
respect to the die and the positioning 
of the frame to the dual-in-line body 
is relatively problem-free because of 
the much larger contact surfaces, dis- 
placement of the die up to about 
150 um from its design position in 
either the X- or the Y-direction 

_ becomes permissible. The electrolyti- 
cally-plated gold balls, together with 
the latitude permitted by the spider, 
preclude the occurrence of displaced 
bonds. 
The robustness of the connections in 
the Sicon process is demonstrated by 
their high breaking strain. This aver- 
ages about 50 p and represents an 
improvement of about ten to one, 

_ if the average figure currently achieved 

_ with a wire diameter of 25 шт is taken 
as a basis for comparison. A breaking 
strain of this magnitude ensures that 
mechanical strains, occurring at later 


*Purple Plague’ refers to the formation 
of an intermetallic compound based on 
7 aluminium and gold. 














stages before the mounting process 
is completed, will not destroy the 
connections. In the initial basic re- 
search, a temperature cycling test 
over a range of +110° C to -195° C 
was carried out, with a time of 30 
Seconds between successive maximum 
temperatures; this goes far beyond the 
demands occurring in normal use. This 
degree of severity was chosen for the 
stress-testing because, with the usual 
range of temperature variation from 
-40° C to +125° C, no failures at all 
were found to occur with the Sicon 
process. While 50% of modules with 
normal wire connections had already 
failed after 2100 test cycles, the 
corresponding figure in the Sicon 





process was 400,000 cycles. 





The Sicon process not only sets new 
standards from a technical point of 
view; it does the same from an 
economic point of view. In one test, 
for example, the rate of production 
of integrated circuits was stepped up 
from 65 to 1000 units per hour. 
Production costs fell to about a tenth 
of their previous level. 


New laser trim system with self- 
teaching software 


Boston, MA-Teradyne, Inc. has intro- 
duced the computer-operated W211 
Laser Trim System for the trimming and 
testing of thick and thin film resistors 
on silicon, ceramic, sapphire, or glass. 
The W211 performs functional trim- 
ming to voltage, current, and frequency, 
as well as trimming to a specific resist- 
ance. 

The software supplied with the W211 
allows a programme to be generated 
simply by answering questions displayed 
on a CRT terminal. Typical questions 
include the number of resistors to be 
trimmed, their values, pin connections, 
type of cut desired, etc. No formal pro- 
gramme training is required. 

The W211 includes a control group, a 
measurement group, a single trim 
station, and an in-line handler. The con- 
trol group includes a computing control- 
ler, a data terminal, and a magnetic tape 
unit. Trim limits can be programmed to 
a resolution of .1% of range. Ranges are 
20 ohms full scale to 20 megohms full 
scale in decade steps. 

The trim station has a YAG laser, high- 
speed galvanometer, beam positioner, 
and laser station control. Options in- 
clude a rotary or step-and-repeat hand- 
ler, and viewing optics. The system can 
be converted in the field into full W311 
Laser Adjust System with multiplexing 
capability. 

Data displayed on the CRT display ter- 
minal include pretest and final-test re- 
sults and job-summary sheets. 
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FREE Brochure 


on New KITS 


Whether professional, 
Student, teacher or amateur, 
the field of electronics can open 
up a new world for you. 


CROFTON don't just sell kits, we offer you a technical 
back up Service to ensure your success 


The following is a selection of some of the more popular kits - 


Mullard CCTV Camera 

PE CCTV Camera 

PE Rondo Quadraphonic Four Channel Sound 
(Designer Approved) 

Electronic Ignition 

Electronic Flash 

PW Tele-Tennis Game 

UHF Modulator 

Bench Power Supply 

Wobbulator 

All ETI Top Projects 

Many of the Elektor Projects 

NOTE: PCBs for most published projects available to order 


CROFTON ELECTRONICS LTD 


Dept A 124 Colne Road. Twickenham. Middx. 01 898 1569 


44444444 әр. 








HARDWARE 


A comprehensive range of screws, nuts, washers etc. in small quan- 
tities, and many useful constructors' items. 


Sheet aluminium to individual requirements, punched, drilled, etc. 
Fascia panels, dials, nameplates in etched aluminium. 

Printed circuit boards to personal designs, one-off's or small runs. 
Machine engraving in metals and plastics, contour milling. 

Send 10p stamps for catalogue. 


RAMAR Constructor Services 


Masons road 
Stratford on Avon 
Warwicks. CV37 9NF. 











INCLUDES DISCOUNT 
VOUCHERS WORTH 
20p 


HAVE YOU 
GOT YOURS 
* DISCOUNTS 


CATALOGUE NO 4 * ALL NEWSTOCK 
NEW CONVENIENT 
SIZE, AND FULLY 


ILLUSTRATED 
CONTAINS MANY * DEPENDABLE 


HARD TO GET SERVICE 
ITEMS 


* SATISFACTION 
GUARANTEE 





B H COMPONENT FACTORS LTD. 


LEIGHTON ELECTRONICS CENTRE, 59 NORTH ST., 
LEIGHTON BUZZARD, BEDS. LU7 7EG. Tel. (05253) 2316. 


8 
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The new Rank . 


WOW 8; FLUTTER : 


Meter  ; 
Туре 1742 : 


еп 
dm 
TI 
љу 
ve 
as 
ive 





оп го PUTTER METER TPE 


Fully transistorised 
for high reliability 





Versatile 
Meets in every respect all current specifications 
for measurement of Wow, Flutter and Drift 
on Optical and Magnetic sound recording/reproduction 
equipment using film, tape or disc 





High accuracy 
with crystal controlled oscillator 





Simple to use 
accepts wide range of input signals with 
no manual tuning or adjustment 





Two models available: 
Type 1742 ‘A’ BS 4847: 1972 DIN 45507 
CCIR 409-2 Specifications 
Type 1742 'B' BS 1988: 1953 Rank Kalee 
Specifications 





For further information please address your enquiry lo 
Mrs В. Nodwell 
Rank Film Equipment, PO Box 70 
Great West Road, Brentford 
Middlesex TW8 9HR 
Tel: 01-568 9222- Telex 24408- Cables Rankaudio Brentford 


(KS RANK FILM EQUIPMENT 


EK-11 FOR FURTHER DETAILS 
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Energy saving lighting 

Cold cathode tubes driven by high- 
frequency, low-voltage inverters provide 
safe, efficient, long-life lighting for а. 
variety of applications. Hall and Kay 
claim that, compared with conventional 
hot-cathode fluorescent tubes, their new 
generation of lighting equipment offers 
energy savings of up to 58% and an 
increase in tube life of several times. 
[re equipment is safe as it is powered 
by high-frequency, low-voltage in- 
|verters, thus avoiding the dangers 
associated with conventional high- 


jvoltage cold-cathode equipment. 


The Effelsberg Radio Telescope — 
а partial flop? 
The latest investigation by the 
Max Planck Institute for Radio Astron- 
omy into the new 100-metre radio 
telescope at Effelsberg in the Eifel dis- 
trict of Germany has shown that this 
‘complicated space-research instrument 
has not achieved what the technicians 
expected of it. This information comes 
from a recent issue of the technical 
| periodical NTZ. According to this 
publication, the actual working area 
of the parabolic antenna has been 
shown from measurements to be 30% 
less than was calculated. The reason for 
this seems to be that the supports for 
the main focusing cabin, in which the 
incoming rays are collected, throw too 
big a 'shadow' on the surface of the 
parabola. As a result; part of the 
parabolic antenna remains ineffective. 
In the future, this problem will be 
eliminated by a more efficient con- 
struction. This, however, will come too 
late to be of use in the Effelsberg 
telescope. 


First multi-frequency telephone 
push-button microcircuit 


A new MOS microcircuit that can be 
“directly interfaced with a multifre- 








quency telephone key-pad in order to 
generate the 16 tone pairs used to set- 
up calls or transmit data, has been de- 
signed by General Instrument Micro- 
electronics at their Glenrothes, 
Scotland, production unit and is now 
entering production there. 

Their new MF telephone key-pad 
microcircuit, the first to be announced 
as a standard circuit, represents a con- 
siderable advance over conventional 
tone-generation modules using discrete 
components and analogue circuit tech- 
niques. Greater tone precision, lower 
assembly and set-up costs, smaller size, 
lower current drain and a greater re- 
liability are all provided by the new 
AY-5-9400 which employs an original 
tone synthesis technique, now patented 
by the company. 

The new microcircuit is expected to 
arouse considerable interest, particularly 
in North America where high-speed MF 
call set-up is standard. For other 
countries including the United Kingdom 
and Europe where Strowger or step-by- 
step dialling is the common practice 
GIM's AY-5-9100 family of push-button 
microcircuits is used. These circuits have 
already become an industrial standard. 
In a multi-frequency telephone signal- 
ling network the call set-up is ac- 
complished by means of four high and 
four low tones which can be paired in 16 
high-low combinations to represent ten 
keyed numbers and, in data telephones, 
six additional control functions. 

These tones are generated in a conven- 
tional MF push-button telephone by a 
printed-circuit module incorporating 
two large cojls and a dozen or more ac- 
tive and passive components. Now, the 
entire module can be replaced by a 
single MOS LSI microcircuit tacked on 
the back of a key-pad together with an 
inexpensive ceramic frequency reference 
and one or two additional components. 
The accuracy of frequencies generated 
by the MOS-Ceramic tone generator is 

1 per cent, well within the 1.5% specifi- 











cation laid down by Telecommuni- 
cations Authorities, with only 5 per 
cent harmonic distortion. GIM engineers 
are confident that this accuracy can be 
further improved to achieve an unpre- 
cedented 0.2 per cent. This means that 
the number of misrouted calls due to 
wide telephone systems tolerances will 
be greatly diminished if not entirely 
eliminated. 

The ceramic crystal used with the MF 
telephone chip has been designed to 
GIM’s specification, by Vernitron, 
Southampton. Ceramic crystals are 

an order of magnitude more stable 

than coil filters while being significantly 
cheaper than quartz crystals. Conse- 
quently the need to tune the MF cir- 
cuit during manufacture is eliminated. 
Furthermore the elimination of the coil 
means that tone signals build up in- 
stantly. 

Use of GIM’s low power n-channel ion- 
implant process has reduced the power 
consumption of the AY-5-9400 to a 
mere 35 mW, or only 8 to 10 mA cur- 
rent drain, sufficient to supply the tele- 
phone directly from the line. An ad- 
ditional feature of the AY-5-9400 is a 
lock out circuit which inhibits the key- 
board output when more than one key 
is pressed, 

The basic AY-5-9400 is available in a 14 
lead dual-in-line CERDIP package for 
conventional 10 key domestic tele- 
phones and a 16 pin version is also avail- 
able for 16 key-pad data phones. 

Both this circuit and the sister push- 
button dial microcircuit for use in 
Strowger networks can be paired with 
GIM's short number repertory dialler 
microcircuit. This MOS LSI microcir- 
cuit can store up to ten commonly used 
numbers, any one of which can sub- 
sequently be dialled with a single key 
depression. 

This means that GIM can now supply 
push-button microcircuits to suit any 
telephone network in the world. 
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The Edwin amplifier is unusual in that it 
embodies two types of output stage in 
one amplifier. A class A output stage 
handles the low level signals and also 
serves as a driver for a class B stage 
which handles the larger outputs. 

The principle of operation is shown in 
figure 1. T2 and T3 are biased on by 
the voltage drop across the diodes D l- 
D3. T2 and T3 function as a class A 
stage at low signal levels supplying 
current to the load via resistors R. As the 
signal is increased the voltage drop across 
these resistors becomes sufficient to 
cause T4 and Т5 to conduct and the 
class B part of the output stage begins to 
operate. Crossover distortion is quite 
low with this type of design. 


The complete circuit 
As figure 2 shows, the complete amplifier 





1 





circuit consists of a voltage amplifier, a 
class A driver stage and a class B output 
stage. The input stage consists of Т1 and 
T2 in a Darlington configuration, re- 
sulting in a high input impedance. The 
signal passes to the base of T3 via the 
limiting resistor R4. T3 operates as a 
voltage amplifier and in its collector 
circuit has T4, which is connected as a 
simulated zener diode to provide a 
constant d.c. bias voltage of about 2 V 
across the bases of the driver transis- 
tors T7 and T8. Feedback is applied be- 
tween the output and the junction of 
R11 and R12 to provide a high collector 
impedance so that true current drive is 
achieved. This helps to reduce crossover 
distortion still further so that despite the 
small amount of overall negative feed- 
back and the absence of quiescent cur- 
rent in the output stage the distortion 
figures are very good. 
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features 


— output power from 
10-40 W depending on 
power supply. 


— high efficiency. 


— low crossover 
distortion. 


— short circuit proof. 





— no quiescent current in | 
the output transistors. 


— output transistors and 
drivers need not be 
matched. | 


— unconditionally stable. 


figures 


— Sensitivity: 
= 1 V (RMS). 


— Input impedance: 
= 45 КО. 

— Distortion: 
1 kHz, 30 W: 0.1%, 
10 kHz, 30 W: 0.3%. 


— Power bandwidth: 
20 Hz — 100 kHz. 


— S/N ratio: 
2 90dB. 
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. Figure 1. Basic circuit of an Edwin-type | 
output stage. 
0 
Figure 2. Final circuit of the Edwin amplifier 10 125 30 1 35 40 
for output powers up to 40 W. П ‘ і Vi RMS 
| ! 1 1 
_ Figure З. The power supply. H 4251 4651 
| 93 ео + Power supply. 
Figure 4. Graph of available output power = ы 45 —— no-load voltage 


versus transformer secondary voltage for 
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1 5 5 7 | The output stage differs from the con- 
Output power figuration shown in figure 1 because it 
м comprises two NPN transistors of the 
same type and not a complementary 
m pair. To maintain symmetrical operation 
Sp ofthe output stage D1 is included across | | 
R18. This simulates the base-emitter 
junction which would be present across 
| RIS if the configuration of figure | 
зі Я ЕН ТИ has been used. The values of R17, R18 
| and R19 are low (10 О) to reduce cross- 
Over distortion. 
w 
| Overall negative feedback is applied from 
+ [| ГИ the output to the emitter of T2. The 
| inclusion of C3 means, that 100% 
E d.c. feedback is applied, which stabilises 
the d.c. operating point of the output 
xs [| | at around half supply voltage over a wide 
У Г 258. T ж 2 к 39 | | range of supply voltages without the 
нара need for adjustment potentiometers. 
е 
Amplifier gain 
V 
Уш (вв) 
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Frequency (Hz) 
Figure 5. Maximum output power versus fre- 
b ТЕ quency. 
istortion (%) 
Output power 6 dB below Figure 6. Frequency response. 
04 maximum, 
| | Figure 7. Distortion versus frequency for 
| output power 6 dB below maximum. 
°з ITI Figure 8. Distortion versus output power. 
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The а.с, ат of the amplifier is, of | Power supply capacitor is sufficient and that the 


course, given by 


Vout _ Rio + Rs 

Vin ВЕ. 

It is worth noting the effect of the com- 
bination R7, C5 on the operation of the 
amplifier. Some amplifiers, when used 
with an unstabilised supply, display 
ripple on the peaks of the waveform 
when driven to clipping. This is elimin- 
ated by R7 and C5 as follows. When the 
amplifier is being driven, current flows 
through R7 and the voltage on C$ is 
always below the ripple ‘troughs’ on the 
supply. The drive voltage available from. 
T3 is limited to the voltage on C5 and 
the output of the amplifier can never 
swing into the ripple region of the 
supply voltage. R7 also limits the current 
through T3 in the event of an overload. 


Ay= 


Overload protection 


The protection circuit is designed to 
prevent excessive current peaks from 
occurring during signal overloads or 
short-circuiting of the output. The pro- 
tection circuit consists of transistors TS 
and T6. Their base bias is set such that 
under normal operating conditions the 
voltage across R20 and R21 is insuf- 
ficient to turn them on. In the event of 
excessive output current flowing in R20 
or R21, due to a signal overload or a 
short-circuited output, the voltage across 
these resistors is sufficient to cause T5 
or T6 to conduct. This reduces the drive 
voltage to the output stage and there- 
fore limits the output current, thus 


protecting the amplifier. | 





A stabilised power supply is unnecessary 
with the Edwin amplifier, as its perform- 
ance will not be significantly improved. 
А simple unregulated supply is quite 
adequate and two suitable circuits are 
given in figure3. Figure3a shows a 
supply using a normal full-wave bridge 
rectifier, whilst figure 3b shows a full- 
wave rectifier with a centre-tapped trans- 
former. 

The component values and specification 
for supplies suitable for 20, 35 and 40 W 
versions of the amplifier are given in 
table 1. Of course any suitable trans- 
former may be used, there is no need to 
adhere to the exact voltages specified. 
Figure 4 gives the output power available 
versus transformer secondary voltage. 
The only points to watch are that the 
current rating of the transformer is 
adequate for the required output power, 
that the voltage rating of the smoothing 





RMSsecondary voltage of the trans- 
former does not exceed 33 V on load, 
otherwise the voltage rating of the tran- 
sistors may be exceeded. 

Over the range of supply voltages given 
in figure 4 nothing need be changed 
in the amplifier as the operating point 
is self-adjusting. 


Performance figures 

The performance figures, as measured on 
the 35 W prototype of the amplifier are 
summarised in table П and displayed 
graphically in figures 5, 6, 7, and 8. As 
can be seen they are quite exceptional. 
Among the outstanding features are the 
large power bandwidth, good signal to 
noise ratio, immunity to transients, low 
distortion and absolute stability, even 
with large capacitive loads. 

Figure 9 shows the printed circuit board 
and component layout of the amplifier. 


























Table І 
Ро max (W) Ve. Таах (АТ ci Power 
(RL =4 Ohm) RMS | figure 3b figure 3a supply 
54 ШЕ working | no-load 
Mono voltage | voltage 
Mono |Stereo|Stereo |Mono|Stereo|(V) (v) 
42 33 11 22 45 60 46,5 
35 30 1 2 4 2500 |5000 |50 42,5 
21 24 0,8 1,5 3 40 34 | 
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Components list for figures 2 and 9 


Resistors: 
ВТ -10k, им 





R9-330,4W 
Ri ким 





В11 = 1k5,4W 
R13,R16 = 8К2, % W 
R17,R18,R19 = 10, % W 
R20,R21 = 0.12,2 W 


Capacitors: 

и 

00 д, 50 У 
004,25 V 
Ор ceramic 
50 д, 50 У 





Semiconductors: 
T1,T2 = BC 107, BC 171 
T4,T5 = BC 108, BC 148 
T3,T8 = BD 138 





T9,T10 - 2N3055, BD 130 
01 = ВҮ 127 








Figure 9. Printed circuit board and component 
layout. 
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Cooling fin for 
a driver transistor 





Figure 10. Heatsink details for the driver and 
output transistors. 


The driver transistors are mounted on the 
board, with a cooling fin as detailed in 
figure 10a. The output transistors are 
mounted on a separate extruded alu- 
minium heatsink, details of which are 
given in figure 10b and the associated 
table. Most manufacturers of heatsinks 
will have something similar to this in 
their range. 

If resistors R20 and R21 are not readily 
obtainable they may be wound from 
suitable resistance wire. Alternatively 
wire eight 1 0.0.25 W resistors in parallel, 
there is plenty of space on the board to 
mount them vertically (figure 11). 


Concluding remarks 

Whilst the Edwin amplifier meets an 
exacting specification this is no reason 
to recommend its construction by the 
Hi-Fi enthusiast. There are many other 
designs with similar performance. What 
makes the amplifier eminently suitable 
for the amateur is its problem-free con- 
struction and virtual (electrical) inde- 
structibility. и 





Table И 





Performance figures of 35 W version 


Maximum output power 


35 W (4 О); 20 W (8 О) 
45 W (4 Q); 27 W (8 О) 


f=1kHz, THD 
THD 





0% 





Efficiency 


> 60% 


f= 1 kHz; Ро = 35W 





Load impedance 


0... © (Maximum 
power into 4 Q) 





Overload protection 


Proof against long 
duration short-circuit 




















Maximum capacitive load | > 100 ИЕ (1) 
Sensitivity 221 У RMS #= 1 kHz, Ро = 35W 
Input impedance 245 КО 
Distortion Ро =0... 30 W 

0,1% #= 1 kHz 

0,2% + = 30 Hz 

0,3% Ғ= 10 kHz 
Frequency response 25 Hz... 1,2 MHz (-3dB) | Vin = 245 mV 


40 Hz ... 1,0 MHz (—1 dB) 





Power bandwidth 


2100 kHz (—3 dB) 











Noise rejection 73dB input open-circuit 
93dB input short-circuit 
Signal to noise ratio 95dB input open-circuit 
2105dB input short-circuit 
Feedback factor 2236 dB 








Stability 





unconditional 
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The input and driver stages Т1 and T2 
operate as voltage amplifiers. The out- 
put stage, T3 and T4, operates in class В 
to achieve long battery life. D.C. feed- 
back is provided by means of R3 and 
A.C. feedback by means of R3, R4 and 
C2. This defines the gain, stabilises the 
operating point and increases the input 
impedance. 

The biassing of Tl is critical and the 
values for R1 and R2 must be adhered 
to. Should the circuit fail to operate cor- 
rectly the D.C. conditions may be 
Checked at the base of T3 and T4 and 
the junction of R6 and R7. 

If 25 ohm loudspeakers are difficult to 
obtain, then 8 or 15 ohm types may be 
used instead. In-that case R6 and R7 
should be replaced by wire links. 

As can be seen from figure 2 the p.c. 
board is extremely miniature and 
finding space in the record player cabi- 
net should be no problem. To improve 
loudspeaker efficiency the loudspeaker 
cabinet should be as large as possible. 


45V 

















Input impedance Z4 >600 k 
Input sensitivity vj = 200 mV (r.m.s.) 
Output power (with 25 О) Р = 50 mW. 











Figure 1. The very simple amplifier circuit. 


Figure 2. Layout of match-box size printed- 
circuit board. 








Parts list. вв=220 
R7=2.2 Q 

Resistors: P1 = 2M2 log 

R1-2M2 

R2-820k Capacitors: 

R9 = 22k C1-470n 

R4=1k C2- 10 u/10 V 

R5 -470 Q Сз = 100/10 V 


Semiconductors: 
T1,T4 - TUP 
T2,T3 = TUN 
D1,D2 - DUS 


Sundries: 
Torch battery 4.5 V 
Loudspeaker 25 Q 
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Elektor has previously published designs 
for *one-chip' digital clocks, with both 
mains and crystal reference frequencies. 
Whilst ICs such as the MM5314 are 
excellent for simple timekeeping, they 
have certain disadvantages. Since the 
output to the display is multiplexed the 
time output of the clock is not easily 
accessible in a parallel form, This means 
that the clock is unsuitable for driving 
time-controlled devices such as alarms, 
calendars, central heating programming, 
automatic recording of radio pro- 
grammes or other systems. The clock 
described in this article is based on 
TTL circuitry and is eminently suitable 
for control systems. The time is avail- 
able as a BCD coded output, and clock 
pulse trains with rates varying from one 
a second to one a day are obtainable. 
Many constructors will probably have 
some of the ICs in their ‘junk box’. 

The complete circuit of the clock (ex- 
cluding power supply) is given in fig- 
ure 1. The basic operation is quite 
simple. With all the switches in the 
positions shown the clock runs nor- 
mally. The 50 Hz input is rectified by 
D1, clamped to 4.7 V by D2 and then 
fed into the NAND Schmitt trigger STI. 
A 50 Hz square wave suitable for driving 
TTL appears at the output of ЅТІ and is 
fed to 1С10 which is connected as а 
divide-by-five counter. Asymmetric 
10 Hz pulses are available at the ‘D’ out- 
put of IC10. These pulses are fed to 
ІС9, which is connected as a divide-by- 
10 counter. A symmetrical 1 Hz square 
wave is available at output ‘А’ of this 
1С. 

The 1 Hz pulses are fed to IC6, which is 
connected as a BCD decade counter. 
This counts seconds from 0 to 10 and 
the BCD output may be decoded for 
display using a 7447. The ‘D’ output of 
IC6 produces one pulse every ten sec- 
onds, and this is fed to IC5, which is 
connected as a divide-by-6 counter. This 
counts tens of seconds from О to 6. 
When the tens of seconds count reaches 
6 (i.e. the seconds display changes from 
59 to 60) the BCD output of ІС5 is 
0110, that is to say the 'B' and 'C' out- 








puts of the IC are both “1”. These out- 
puts are connected to the Reset 0 in- 
puts, so that when the count reaches 6 
ІС5 is reset instantaneously, and the 
6 display is never seen. 

One pulse per minute is obtained from 
the “С” output of ICS, and this is fed 
through N2 and NI to IC4, which is 
again connected as a BCD decade coun- 
ter. 

The time-setting circuits around N1 and 
N2 will be discussed later. 

Like ІС5, IC3 is connected as a divide- 
by-6 counter, so that it counts tens of 
minutes. 

Counting of the hours is slightly more 
complicated, Since the clock is a 
24 hour design, the hours counter (IC2) 
must count up to 10 twice, then reset at 
4 on the third count sequence (i.e, when 
the hours count reaches 24). Since the 
tens of hours counter only counts to 2a 
counter is made up from two JK flip- 
flops (7473) instead of using a 7490. 
Resetting is accomplished as follows: 
During the first 0-10 count of IC2 the 
Q outputs of ЕЁ! and FF2 are low. 
When the *D' output of IC2 goes low on 
the tenth count the О output of FFI 
goes high. At the end of the second 
count sequence ће О output of ЕЕ1 
goes low and the Q output of FF2 goes 
high. The Qoutput of FF2 and the 
‘C’ output of IC2 are connected to the 
Reset 0 inputs of IC2, so that when IC2 
reaches 4 in its third count sequence it 
is reset. However FF2 cannot similarly 
be reset as it has no gating on the clear 
input. This difficulty is overcome by 
feeding the ‘B’ output of IC2 to the 
clear input of FF2 via СІ and R3. On 
count 4 of IC2 the ‘B’ output goes low, 
feeding a momentary reset pulse to 
FF2. Of course this occurs at count 8 
also, and during the first and second 
count sequences. However, it is only 
during the third count sequence that the 
Qoutput of FFl is high anyway, so 
these earlier reset pulses do not matter, 
since the flipflop is reset already. 

The capacitive coupling (Cl, R3) is 
necessary to ensure that only a short 
reset pulse is provided. If direct coup- 





ling were used then the clear input 
would be held low on count 10 during 
the second count sequence, and the 
Q output of FF2 could not go high. 


Provision of ‘tick’ | 
It will be noted that 1С9 is connected | 
differently from the other divide-by- 
10 counters (IC2, IC4 and IC6). This is 
because a BCD output is required from 
the other counters. IC9 is connected to 
give a symmetrical square-wave output, 
as a convenient simulated ‘tick’, and this 
happens to sound better with а 
1:1 mark-space ratio. 


Time-setting 

Three time-setting switches are pro- 
vided. Two to make the clock advance 
at a fast rate, and one to stop the clock. 
This is useful because the clock can be 
set to a particular time, stopped, then 
the stop button can be released exactly 
on the time signal from radio or tele- 
phone. It is also handy if the clock is 
accidentally advanced too far as it saves 
going all the way ‘round the dial’. -- 
Gating for the time-setting is provided 
by a 7400 (IC7) plus the spare half of 
the 7413 Schmitt trigger (41C8). 

The operation is as follows: when S2 is 
in the position shown in figure 2a the 
set-reset flipflop N3/N4 is reset, so the 
output of N3 is high and the output of 
N4 is low. This means that the output 
of ST2 is high. Pulses from output ‘C’ of 





Figure 1. Circuit diagram of the clock. The 
printed circuit board does not include the dis- 
play and its associated decoder/drivers. 


Figure 2a. Logic levels at NAND gates for 
normal timekeeping. 


Figure 2b. Logic levels at МАМО gates for = 


time-setting. 
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Parts list Semiconductors: 
IC1 = 7473 
Resistors: Capacitors: 1С2 ... IC6,IC9,1C10 = 7490 Switches: 
R1,R2=470 Q C1,C2,C3,C4 = 100 n 1С7 = 7400 $1 = Single-pole, 24vay 
R3=1k C5=10n 1С8 = 7413 52 = Single-pole, 2-мау, push-button 
84-479 01,03 = DUS operated 
02 = Zener C4V7 S3 = Single-pole on-off 
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ІС5 are thus transferred through N2 and 
МІ. When S2 is changed over (figure 2b) 
the flipflop is set. The output of N3 is 
low and the output of N4 is high. The 
output of N2 therefore goes high. 1 Hz 
or 10 Hz pulses (depending on position 
of S1) are now transferred through ST2 
and N1 to the input of IC4. The clock 
will therefore count at the rate of one 
minute per second or 10 minutes per 
second. As an alternative to the 10 Hz 
rate, 50 Hz pulses may be used. This 
rate is useful only for setting the hours 
rapidly. 

The flipflop is necessary to suppress 
contact bounce on S2. The flipflop is 
set (or reset) when the switch initially 
makes contact on being changed over. 
Subsequent switch bounce will not 
affect the state of the flipflop. 

When S3 is changed over the 1 Hz drive 
is disconnected from IC6 so the clock 
stops. The position of S3 during time- 
setting with S2 is unimportant. 


Power Supply 

The clock requires a supply of about 
ТА at 5 V. As transient interference on 
the mains supply could interfere with 
the timekeeping of the clock a stable, 
well-filtered mains supply is essential. 
The circuit of figure 3 is recommended, 
as this can deliver up to 2 A and is well 
stabilised. The 50 Hz drive for the clock 
сап be derived from either side of the 
transformer secondary winding. 


Construction 

The p.c. board and layout for the clock 
are given in figure 4, and the assembly 
requires little comment. The BCD out- 
puts of the counters are brought out to 
the edge of the board. Display decoding 
is not provided on the board. Suitable 
decoder and display boards are the 
"Universal Display (Elektor No 2, 
Page 223). If zero suppression on the 
tens of hours display is required pin 5 of 
the 7447 should be grounded. 

The layout and p.c. board of the power 
supply are given in figure 5. The output 
voltage of the supply should be set to 
5 V before connecting to the clock. 








Parts list 


Resistors: 
В1,82 -3k9 


1802 
R7=1k 
R8,R9,R10 = 1.5 9 
P1=1k, preset 





Capacitors: 
C1,C2- 100n 





C8 = 470 р/6.3 V 


Semiconductors: 

B ridge rectifier, e.g. B20C2200 
omitted 

D2,D3- DUS 

D4 = zener 4.7 V, 400 mW 

Т1 “ТОР 

T2,T3,T5 - TUN 

T4 - BD240 or equ. 





‘Sundries: 
F1 = 2 A delayaction fuse 
Ти = transformer, 8 V/2 A 














Table 2 
Clock FFI FF2 |LED 
Pulse dis- 





Num- | In- | Out-| In- 
ber | put | put | put 


Outputs |play 





(14) | (12) | (7) | (9) | (8) 
con- | BCD | соп- | BCD 
nec- | Code| пес- | Code 


a2 Qi 















































Table 1. BCD code. 


Table 2. Truth table for IC1 (7473 connected 
as 1:3 divider). 





Figure 3. Circuit of 5-V stabilised power sup- 
ply. 


Figure 4. Printed circuit and component lay- 
out of the clock. 


Figure Б. Printed circuit and component lay- 
out of the 5-V stabilised power supply. 
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Phasing occurs when а portion of а 
signal is delayed and then mixed with 
the original signal. In the middle of the 
audio spectrum delays of less than 
about 100 $ will produce no noticeable 
effect, whilst delays greater than about 
30 ms will produce a distinct echo. А 
delay between these limits will give the 
required ‘phasing’ effect. 

Of course, a fixed delay time will not 
have the same effect on signals of all 
frequencies, If, for example, a І kHz 
signal is delayed by exactly 1 ms and 
mixed at equal amplitude with the 
original, then the result will be a signal 
with twice the amplitude of the original, 
since the delayed signal has in fact been 
phase-shifted by 360°. For a 500 Hz 
signal, however, the situation is quite 
different. Here a 1 ms delay corresponds 
to а 180° phase shift, so if the delayed 
signal is mixed with the original signal 
the two will cancel, resulting in no sig- 
nal, This cancellation will occur for all 
frequencies for which the delay time is 
an odd number of half-periods. For 
example with a delay time of 1 ms and a 
1.5 KHz signal, the delayed signal is 
phase shifted by 540^, or 3 half cycles. 
At 2.5 kHz the delayed signal is phase 
shifted by 5 half-cycles. 

As with the 1 kHz signal, all signals for 
which the delay time is an even number 
of half periods have their amplitude 
doubled. This is true for 2 kHz, 3 kHz, 
4 kHz etc, The result is a series of peaks 
and nulls throughout the spectrum, as 
shown in figure l. A circuit that pro- 





duces this type of response is known as 
а ‘comb filter’, because of the unusual 
shape of the response curve. 


Practical Realisation 

Early attempts at phasing often used 
tape recorders running slightly out of 
synchronism, but this entails a number 
of difficulties, not least of which being 
that the sound is not ‘live’, and conse- 
quently the musician cannot adjust the 
sound during the performance. 

There are numerous methods of achiev- 
ing ‘live’ phasing. 

Electrical delay lines are impractical for 
the relatively long delay times required. 
Electromechanical delay lines can be 
used to give the required delay, but 
their delay times are fixed by their 
mechanical dimensions. All-pass LC or 
RC phase-shift networks may also be 
used, but these have the disadvantage 
that the phase shift cannot easily be 
varied over a wide range. An obvious 
solution would be to use an analogue 
shift register such as the ТСА590, but 
these devices are rather expensive. 

А cheap alternative is the path filter, the 
principle of which is shown in figure 2. 
51—57 are closed and opened success- 
ively at a high rate, ie. Sl is closed, 
then S2 is closed while S1 is opened, 
then S3 is closed while S2 is opened and 
so оп. This cycle is repeated continu- 
ously. When a particular switch is closed, 
the associated capacitor can charge from 
the input voltaze through the input 


resistor R. The voltage on each capaci- 
tor is dependent on the time con- 
stant RC (which is fixed if all the capaci- 
tors have the same value) the time for 
which each switch remains closed (which 


is also fixed) and the instantaneous level | 


of the input signal. 

It is therefore apparent that after a cycle 
of the switch sequence the voltages on 
the capacitors are a sample replica of 
the input waveform during that period 
(albeit slightly distorted due to the non- 
linear charging of the capacitors). 

If successive cycles of the input wave- 
form and the switching cycle occur in 
the same phase relationship, then the 
voltage on each capacitor will eventually 
become equal to the input voltage at a 
particular point along the waveform. No 
further charging of the capacitors will 
occur, and the input signal will be avail- 
able at the output. This is true for the 
frequency at which one cycle of the 
input frequency is equal to the switching 
cycle time, and also for multiples of 
that frequency. 

At other frequencies the signal is heavily 
attenuated. Consider what happens 
when a half-cycle of the input waveform 
is equal to the switch cycle time. Im- 
agine that on the positive half-cycle the 
peak of the input waveform is stored on 
C4 in figure 2. During the negative half- 
cycle S4 will be closed at the trough of 
the waveform. The net voltage on C4 
will be zero. This is true for the other 
capacitors, so the output signal is zero. 
This will also occur at all frequencies 
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where an odd number of half-cycles is 
equal to the switch cycle time. 

In practice, of course, the switching is 
accomplished ^ electronically, for 
example by a ring counter. The result is 
а comb filter whose rejection йе- 
quencies can be varied by varying the 
clock frequency of the ring counter. 
The Q-factor can be altered by the 
single input resistor, R. Distortion of 
the output signal may be reduced by in- 
creasing the number of ‘paths’, іе, the 
number of capacitors, 

A practical realisation of a 40-path filter 
is shown in figure 3. A 7490 decade 
counter and a 7474 dual D-flip-flop 
form a divide-by-40 counter, The out- 
puts of the 7474 are decoded by ten 


. 7401 packages, each of which switches 


te 


four capacitors, making 40 in all. The 
outputs of the 7490 are decoded by a 
74141 BCD-to-decimal decoder/driver 
and used to switch the supplies to the 
7401's via PNP transistors. The capaci- 
tors are thus arranged in a 4 x 10 matrix, 
and are switched as follows: 

At the start of a cycle the outputs of 
the 7474 are all ‘0’ so the capacitors 
connected to pin 4 of each 7401 are 
switched in sequence as the 7490 counts 
from 0 to 9 and the supplies to each 
7401 package are switched in turn. 
When the count reaches 10 output E of 
the 7474 becomes “І”. 

The capacitors connected to pin 13 of 
the 7401’s are switched as the 7490 
counts the second decade, and so on. 
The Q-control is provided by the 50k 
potentiometer. The signal source must 
have a low output impedance and the 
output of the filter must be connected 
to a high impedance load. 


Applications 

This filter has a very narrow bandwidth, 
with the Q-control at maximum typi- 
cally less than a semitone. Various effects 
can be obtained with the circuit. If a 
narrow pulse waveform is fed in, chimes 
or percussion effects can be produced at 
the output, depending on the control 


. frequency. Aircraft noises and other 


engine noises can also be simulated by 
filtering out harmonics of complex 
tones, 

The phasing effect occurs when a clock 
frequency is used which is higher than 
the upper limit of the audio spectrum 
(say 20 to 100kHz). The Q-control 
must be set in a fairly high position. 
The path filter may also be used with an 
electronic organ or synthesizer, to 
Produce strange effects. A particularly 
unusual sound can be obtained by 
feeding the clock input of the filter 
from the signal outputs of an electronic 
Organ (squarewave outputs from div- 
iders, before filtering) and by feeding a 
noise signal into the signal input. The 
results аге, to say the least, unlike any 
Organ in existence. 

The circuit as described does have its 
limitations. It will not operate effec- 
tively below the frequency whose half- 
cycle is the same length as the counter 
cycle, Lowering the clock frequency to 
compensate forthis introduces problems 
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with noise due to the clock frequency 
and the switching of the supplies to the 
7401's. This is aggravated by differences 
in the characteristics of the 7401's and 
of the transistors, Increasing the number 
of stages so that a higher clock fre- 
quency may be used will overcome 
many of these problems, 

K 





Figure 1. Frequency response of a comb filter. 
Frequencies phase-shifted by odd multiples of 
180° are almost completely rejected, 


Figure 2. Principle of a path filter. All capaci- 
tors have the same value and the number of 
capacitors may be optionally increased almost 
indefinitely. 


Figure 3, Circuit for a practical path filter. 
The 7401 and the associated supply switching 
transistor are duplicated 10 times. Each 7401 
is connected to the outputs of the 7474 as 
shown, 


Figure 4. Showing the intemal circuitry of 
One gate in a 7401 package, and how each 
capacitor is connected, 
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Various kinds of psychedelic flashing 
light display can be generated easily 
using logic shift registers. Several cir- 
cuits are discussed here of varying 
complexity. 


The shift register chosen for this appli- 
cation is the 7495. This is a four-bit par- 
allel/serial load, parallel/serial out, shift- 
left, shift right register, and was chosen 
because of its versatility. 

The circuit for generating a type of dis- 
play commonly used is given in figure 1. 
Four lamps light in sequence until all 
are lit, then all are extinguished simulta- 
neously. The circuit operates as follows: 
The outputs A to D of the shift register 
are initially at ‘0’ so the mode control 
input (pin 6) is low. In this mode serial 
data is entered at pin 1 and is shifted 
one place right on each clock pulse. 
Since the serial input is held high by the 
ТК resistor, outputs А to D successively 
go high until all are high. When output 
D goes high the mode control goes high 
with it and the shift register is now in 
the parallel load, shift left mode. The 
parallel inputs A to D are grounded so 
that ‘O’s are entered and subsequently 
appear on the outputs. The cycle then 
repeats. A truth table for the sequence 
is given in Table 1. ч 
Figure 2 is a variation on the circuit of 
figure 1. Instead of changing the mode 

when all the outputs have become “І” 

the D output is connected to the serial 

input via an inverter. When the D out- 
put goes high this input is held low so 
that “О'5 are entered. The outputs А to 
D go low in turn. When all are low the 
serial input goes high and the sequence 
repeats. The visual effect is that lamp A 
lights, then lamp B and so on until all 
are lit. The lamps then extinguish 
starting with lamp A until all are ex- 
tinguished. 

Table 2 is the truth table for this se- 
quence. A reset button is provided to 
clear the register of unwanted states 
that may occur at switch-on. 

lt is also possible to operate the shift 
register ii rial in, shift left mod 
To do this it is necessary to connect 


Table 1 
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Figures 1-5. These five basic circuits show the 
versatility of the 7495. Each circuit gives a 
different output sequence. 


Tables 1-5. These tables show the output 
sequences of the corresponding circuits 


Figure 6. One way of isolating the control 
rcuitry from the triac is to use trans- 
formers. The input to this circuit is TTL 
compatible. 





each output to the preceding input 
(D to C, C to B, B to A). Serial data is 
then entered at the D input and is 
shifted left on each clock pulse. 

This may *be used to make a display 
where the lamps light in the order A 
to D, then extinguish in the order D 
to А, as in figure 3. This circuit operates 
as follows: the flip-flop NI, N2 is in- 
itially set so that the serial input is high 
and the mode control is low. 

*1°8 are thus entered at the serial input 
and appear successively at the outputs 
A to D. When output D becomes high 
ТІ is turned on and the flip-flop is reset. 
The mode control input becomes “1”, 
reversing the shift direction. Since the D 
input is grounded the data entered is ‘0’, 
so the outputs go low starting with the 
D output. When all the outputs are low 
the flip-flop is set and the sequence 
repeats. The truth table is given in table 
3 


The circuits so far discussed are similar 
in that after four clock pulses all lamps 
are lit. It is, however a simple matter to 
devise a circuit where the lamps light in 
sequence but only one at a time, by cir- 
culating a single “1” through the shift 
register. 

In the circuit of figure 4 the lamps light 
in the sequence A to D, with only one 
lamp at a time being lit. When lamp D 
extinguishes lamp A lights and the se- 
quence repeats (table 4). The circuit op- 
erates as follows: on switching on the 
A to D outputs will set randomly so 
that more than one output may be high. 
This would mean that a number of “1'5 
would be circulating, whereas only a 
single “І” is required. For this reason а 
reset button is provided. When 51 is de- 
pressed the flip-flop comprising N5 and 
№ is set, taking the serial input high. 
At the same time the mode control is 
taken high by the other half of 51, so 
that on the next clock pulse the register 
shifts the ‘O’s from the grounded A to 
D inputs to the corresponding outputs, 
clearing the register. 

When the switch is released the register 
is in the serial-in, shift right mode, so on 
the next clock pulse the *1° present on 
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0 0000 
1 1000 
2 0100 
3 0010 
4 0001 
5 0010 Ni N4-7400 
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the serial input will appear at output A. 
The output of N2 will go low, resetting 
the flip-flop N5, N6 so that the serial in- 
put is low. On each successive clock 
pulse the “1' on the A output is shifted 
one place to the right until it appears at 
output D. When this occurs the output 
of NI goes low, setting the Пір-Пор. A 
“I? now appears at the serial input, and 
the process repeats. 


Figure 5 shows a variation on this ciz- 
cuit, in which а ‘Г travels back and 
forth from one end of the register to the 
other (table 5). The circuit is initially 
reset by pressing 51. This sets the flip- 
Пор М1, N2 so that a “І” appears at the 
serial input. It also puts the register in 
the shifi-left mode, so that the ‘0’ on 
the grounded D input is shifted left, 
clearing the register. The flip-flop com- 
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prising N3, N4 is reset, so that the out- 
put of N3 is low. 

On releasing S1 the register mode con- 
trol is connected to the (low) output of 
М3, so the register is in the shift-right 
mode. On the first clock pulse the “1” 
applied to the serial input appears at the 
A output. It is inverted and resets the 
flip-flop №1, N2 so that no more ‘l’s 
are entered. The “1” which is in the regis- 
ter is shifted right on each successive 
clock pulse until it reaches the D out- 
put. Flip-flop N3, №4 is then set, revers- 
ing the shift direction. When the “1” 
again reaches the A output flip-flop N3, 
№ is reset and the shift direction again 
reverses, and so on. 





The number of variations on these cir- 
cuits is, of course, limited only by the 
ingenuity of the constructor. 

Actual switching of the lamps is ac- 
complished using triacs. Unless the 
entire circuitry is housed in an insulated 
box the logic circuitry must be isolated 
from the mains. This may be ac- 
complished by either transformer or op- 
tical isolation of the control circuitry 
from the triac, and suitable circuits are 
given in figures 6 and 7. 

In figure 6 the secondary voltage of Trl 
is full-wave rectified and applied to the 
collector of the transistor via the 
primary of Tr2. When the transistor is 
turned on by one of the outputs of the 





Figure 7. A more elegant solution is to use 
opto-isolation. 


Figure 8. Two NAND gates lor inverters) 
can be connected as an astable multivibrator. 
This provides a simple clock generator circuit 
to drive the 7495. 


Figure 9. If four outputs are considered in- 
sufficient, circuits 1, 2 and 4 can be extended 
ad infinitum in this way. 





Figure 10. Circuits 3 and 5 can also be readily 
extended to give any number of additional 
outputs. 


register, current flows through the 
primary of Tr2 and the current induced 
in the secondary triggers the triac. The 
choice of transformers is not critical. 
Trl can be a small bell transformer, 
whilst Tr2 should have a ratio of about 
1:6 and can be a miniature type since 
only a small current flows through it. 
Of course Trl and the bridge rectifier 
are required only once in the circuit, 
but the transistor, Tr2 and the triac 
must be repeated for every output from 
the shift register. With this circuit trig- 
gering of the triac is not optimum. 
Phasing of the transformers is import- 
ant, so if the circuit does not work first 
time reverse the polarity of one of the 
windings. 

A more elegant solution is to use opto- 
isolation, as in the circuit of figure 7. 
This is simply a conventional triac dim- 
mer with the main potentiometer 
replaced by a light-dependent resistor 
housed in a light-tight enclosure with a 
LED. When the transistor is turned on 
by an output of the shift register the 
LED lights and the illumination causes 
the resistance of the LDR to fall. The 
triggering point of the triac is thus ad- 
vanced and the lamp lights. 

The base current of the transistor in 
both these circuits is about 3 mA, so 
they can easily be driven by the outputs 
of the shift register. The choice of diac 
and triac for both these switches de- 
pends on the maximum load to be 
switched. 

A simple clock generator circuit is given 
in figure 8. This is simply two NAND- 
gates or inverters connected as an 
astable multivibrator. A variable fre- 
quency pulse generator could also be 
used so that the travelling speed of the 
light pattern could be altered. Figures 
9 and 10 show how the discolights may 
be extended with several shift registers. 
Figure 9 is intended for extension of 
figures 1, 2, and 4, and figure 10 for the 
extension of figures 3 and 5. 
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As the gain in an OTA can be controlled 
by the current from an external source 
(the bias current ТА ВС), possibilities are 
opened up for new applications which 
have up to now been difficult to perform 
satisfactorily with discrete components. 
A simple application of the OTA, for 
example, is amplitude modulation. Al- 
though it is basically possible to effect 
this with one or more discrete transis- 
tors, closer inspection shows that dis- 
crete circuits do not achieve all forms 
of amplitude modulation really satisfac- 
torily. Tremolo (amplitude modulation 
of a signal which is to be reproduced 
acoustically) is not easy to achieve 
electronically without relatively high 
distortion or interference. Other appli- 
cations of the OTA such as multiplexing 
or sampling of signals are more success- 
ful than with other methods because of 
the OTA's high slew rate of 50 V/usec. 
Automatic volume control is also an 
obviously attractive application for 
OTAs. More applications of two types 
f OTA, the СА 3080 and the 
А 3094 AT, will be given in future 
issues. These are the most interesting of 
the large range of OTAs which have 
been developed by RCA. The 
CA 3094 AT has in fact been developed 
from the CA 3080, and the only basic 
difference concerns the output circuit. 


Linear transconductance 

(forward slope) 

Before using the OTA in practical cir- 
cuits, it is important to understand the 
meaning of the term ‘forward slope’ for 
which the abbreviation ‘gm’ is used. 
The term gm is expressed in mho (1/9) 
or millimho ( ado ga); The amplification 
factor of a normal operational amplifier 
(known as a voltage amplifier) corre- 
sponds to the gg, of a voltage-driven 
current source (ie. an OTA). The 
relationship between the output current 
and the corresponding input voltage of 
an OTA is: 


Alout = £m X AVin- 
The output signal of an OTA is thus a 











current which is proportional to its gm. 
The output voltage (AVout) appearing 
as a result of the output current, Alout, 
in an ОТА is the product of this current 
and the load resistor. 


CA 3080 

Figure 1 shows a simplified circuit of 
the CA 3080. T; and Т» in figure 1 
form a differential amplifier, which is 
also found in most normal operational 
amplifiers. W, X, Y and Z are known 
as current mirrors. А current mirror 
consists in principle of two transistors, 
one of which is connected as a diode. 
Figure 2 gives the circuit of a current 
mirror of this type. As the transistors 
Ta and Tp are supposedly identical, 
a current І” into Та results in a second 
current І into Tp with the following 
relationship to Г: 





ж а 
Г +2 





In this formula a’ is the current amplifi- 
cation of transistors Та and Tp. A 
current mirror can be regarded in prac- 
tice as a current source in which the out- 
put current (I) is almost identical to the 
control current (I'), and in which the 
two currents І and Г can in fact be 
regarded as isolated from one another. 

A disadvantage of the current mirror as 
shown in figure 2 is that it is sensitive 
to small differences in the current ampli- 
fications of transistors Та and Tp, these 
differences resulting in the currents I 
and I not being precisely equal. This 
effect can be greatly reduced by the 
inclusion of a third transistor (Ті in 
figure 3). 


Current mirror W in figure І has the 
circuit shown in figure 2, while current 
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Figure 1. Simplified circuit of the CA 3080. 
Transistors Ті and T2 form the differential 
input amplifier. W, X, Y and 2 are so-called 
current mirrors. 


Figure2. A current mirror can be simply 
made up with two transistors (Та and ТЬ). 
The drive current І” gives rise to a current | 
which is proportional to І”. 


Figure З. The current mirror of figure 2 is 
sensitive to differences between the current 
gains of the two transistors (Та and Tp]. 
Addition of Т: reduces this sensitivity соп- 
siderably. 
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mirrors X, Y and Z are as shown in 
figure 3, It should also be noted that 
Y and Z have PNP transistors. 

The complete circuit diagram of the 
CA 3080 is given in figure 4. The circled 
points indicate the connection numbers 
in the TO-5 housing. This housing, as 
seen from the upper side, is shown 
diagrammatically in figure 5. 

In one of the RCA data sheets a drawing 
corresponding to figure 5 shows the 
reference tip between connections 1 
and 8. This can lead to confusion: the 
drawing in figure 5 is correct. 

In the circuit shown in figure 4, Тү and 
T» are the differential input amplifier. 
Transistor Тз is the common emitter 
impedance of this differential amplifier. 
The most significant difference from 
the input stage of a normal opamp is 
that T3 is part of a current mirror, so 
that its collector current is equal to the 
bias current (ТАВС). The value of the 
collector current of T3 determines the 
emitter current of the differential 
amplifier T,/T2, and this provides an 
effective means of controlling the overall 
transconductance. The gm of an ОТА 
in normal ambient temperatures 
(16°С... 27°C) is given by: 


£m = 19.2 x ІАВС 


in which gg is expressed in millimhos 


(1/Q x 103) and ТАВС in mA. 

In figure 4 the output signal of the OTA 
is taken from the collectors of Тэ and 
Tio (connection 6) which form part of 
the current mirrors Z and X respectively 
in figure І. As 1АВС is varied, the gm 
of the OTA changes and therefore the 
output current does likewise; hence: 


Alout =2m X ДУ = 19.2 x IABC X Vin 
(at normal temperatures!) 


The OTA can easily be made to operate 
as a voltage amplifier by connecting a 
load resistor Кү between the output and 
circuit earth. The output voltage then 
becomes: 


АУош = RL x 192 x apc x AVin 


in which ІАВС is in mA, Еі is in КО, 
Vout and Vig are in volts. 


Characteristics of the CA 3080 

Table 1 gives various important limiting 
values for the СА 3080 and the 
СА 3080 А. The difference between 
these two types is related only to their 
working temperature ranges. In addition 
to these characteristics, which are for 
the specified supply voltages and an 
IABC of 500 дА, it can be said that the 
limit of the working frequency range 
is about 2 MHz. The quoted input 





Figure 4. Complete circuit of the CA 3080 IC. 
The circled numbers correspond to the coding 
of the connecting leads. 


Figure 5. Connections for the СА 3080 IC 
are the same as on the ДА 709 except for 
Pins 1 and 5. 

The drawing shows the top view of the IC. 


Figure 6. These curves show changes in out- 
put current (Alout) plotted as functions of 
changes in the input voltage (АУіп). 


Figure 7. Input resistance (Rn) as a function 
of the so-called bias current (Iagc). 


Figure 8. As with the input resistance, the 
output resistance of the CA 3080 is dopen- 
dent on the bias current Ідвс. As figure 7 
and this graph show, both relationships аге 
completely linear. 


Figure 9. The CA 3080 connected as a D.C.- 
coupled differentia! amplifier. Gain can be 
varied by potmeter Рі from about 30 to 
about 100 times. 

















Table 1. Characteristics and maximum rating of the CA 3080 and CA 3080 A ICs. 


Maximum ratings: 


DC supply voltage 
between *Vp and 

Vp: 36у 
Differential input 

voltage: *sv 
Common mode input 

voltage: *Vp to —Vp 
Input signal current: 1тА 
Bias current (1двс}: 2mA 


Output short-circuit 


duration: no limitation 


Device dissipation: 125 mW 
Operating temperature 
range: 

CA 3080 0? to 70°С 


СА 3080 А —55° to +125°С 





Characteristics: 
(Vp = +15 V; —Мь = —15 V; 
1АВС = 500 HA) 
Input capacitance: 3.6pF 
Input resistance: 26 kQ 
Input ofíset current: 0.2 uA 
Input bias current: 2 UA 
Slew rate with unity gain: 50 V/uS 
Transconductance (ат): 9600 imho 
Output resistance: 15MQ 
Peak output current: 500 ША 
Peak output voltage: 
positive 13.5 V 
negative -14.4V 
Amplifier supply current: 1mA 
Device dissipation: 30 mw 
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resistance of 26 К is dependent on the 
value of IABC. 

If a value of 1 MQ is chosen for the 
output load resistor, the voltage gain is 
easy to work out from the character- 
istics given in table 1: 


AVout 
AVin 
7106 x 9.6 x 10° = 80 dB 





Кү хеп 


It can be deduced from this last formula 
that the voltage gain can also be varied 
by changing the load resistance. 

The curves in figure 6 show that the 
overall characteristic of the CA 3080 is 
completely linear for small inputs to 
the differential amplifier. The curves 
show the relative values of Aloyt and 
the deviations from linearity as functions 
of the relative values of ДУ;п. Figure 7 
shows the input impedance of the 
СА 3080 as a function of the bias 
current ТАВС. The maximum impedance 
attainable in this ОТА is about 40 MQ 
with a bias current of 0.1 дА. 


The output impedance is also, of course, 
dependent on the value of IABC- 
Figure 8 shows that this relationship is 
linear. 

For the sake of completeness, it should 
be said that the characteristic of figure 7 




















also holds good for the CA 3094 AT. 
Figure 8 also holds good for the 
CA 3094 AT, but only for its current 
output. This IC has other outputs. 


OTA - opamp 

Figure 9 shows a practical circuit for the 
CA 3080 from which a comparison can 
be made with normal opamps. 

The power supply is symmetrical at 
+ 6 V. Both inputs are D.C.-coupled and 
are connected to chassis earth through 
В: and R3 respectively. Resistor R3 of 
figure 9 is introduced in order to obtain 
voltage amplification, as in an opamp. 
The usual feedback from the output 
to the inverting input of the IC is miss- 
ing, because the gain can be controlled 
by the bias current ТАВС at pin 5. 
IABC is easy to calculate. While re- 
calling that the emitter of Тз is connec- 
ted to —Vp (pin 4), assume that ІАВС 
is drawn via a resistor Rx from chassis 
earth, which is 6 V positive in relation 
to —Vp. The relationship then becomes: 


Vb — 0,7 
lage y. 


In this formula, IABC is in mA, while 
Vp is in volts and Ry is in КО. The 
quantity 0.7 is the base-emitter poten- 
tial of Тз in figure 4. To find the value 
of Ry for a desired value of ТАВС, the 
formula can, of course, be rewritten: 


У 07 
lABC ` 

In figure 9 Ry is replaced by the combi- 
nation R4, Rs and P}. When the slider 
of P, is at the positive end of its travel 
(ie. at OV), the voltage across the 
series connection of Ry and the base- 
emitter junction of Тз is Vp, so that 


x 


70.53 mA. 


Vp — 0.7 
lane- Py 


It therefore follows that the voltage gain 
15: 
А=Езхешх1АВСА10х19.2х0.535=100. 
When, however, the slider of P, is at the 
negative end of its travel (the junction 
of Rs and Ру), the voltage relative to 
—Vp at the slider of P, is: 


Rs 
Es х (Vp * 0.7 Ва) 
R4/P1 + Rs 
5х6.7 
15 


The effective voltage across Ra is Шеге- 
fore: 


Vx 


=2.2 V 





22V—07V-215V 
so the bias current is given by: 


lABCA ds mA = 0.15 мА. 


The voltage gain is therefore: 
A®R3Xx2mXxl A BC¥10x19.2x0.15=29X 


If the gain of this IC is allowed to drop 
substantially, considerable distortion 
may result unless special attention is 
given to the design of the differential 
inputs. Should the input transistors T; 
and Т» (figure 4) not be exactly 
matched, their emitter currents will 
differ when ТАВС is low, and this will 
cause distortion. In this connection, the 
following rules of thumb apply: 

a. If the OTA gain is fixed, resistors Ry 
and R (figure 9) must have values 
which are lower, by a factor of at 
least 2 : 1, than the value of input 
impedance read from figure 7 for the 
relevant value of ІАВС. 

. Ry and Кз must have the same value 
when ТАВС is less than about 0.5 дА. 

. For fixed gain with values of IABC 

between І дА and 10 pA, the values 

of resistors Ry and Rz may differ by 

a factor of 2. 

When IABC is over 10 pA, Ry and Rz 

may differ in value by a factor of 4. 

. If the gain is to be variable over a 
range greater than | : 5, resistors Ry 
and R2 must have values lower, by 
a factor of at least 2, than the 
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value of input impedance, indicated 
by figure 7, for the maximum ТАВС- 


Negative feedback 


Negative voltage feedback can be used 
with an OTA as it can with a normal 
opamp. Figure 10 gives an example of a 
circuit for a CA 3080. The bias current 
ТАВС is determined by R4. The poten- 
tial across this resistor is the negative 
power supply (15 V), less the 0.7 V 
base-emitter voltage which was discussed 
in relation to T3 of figure 4. In this case 
the value of bias current is given by: 


I E 0;1 
НЕЕ 





= 143 pA 


so that gm works out at 
19.2 x [АВС = 2.74 mmho. 

The voltage gain given by a CA 3080 in 
the circuit shown in figure 10 is not 
determined solely by the value of the 
load resistor Rs, but also by Ry and Ёз. 
In the first place, the effective output 
load resistance is Rs and (Кз + В!) іп 
parallel. In the second place, the voltage 
developed at pin 6 across this effective 
output load is fed back to the inverting 
input (pin 2) with a step-down ratio 
К/К *R3). 

The effective voltage gain between the 
input and pin 6 is thus: 


Age Ao  .  Em'RL 
l*(Ao*f) l*(gm:RL:D 


£m * [СВ + R3)/Rs] 
1+ gg КВ: +R3)/Rs] - 
м 8m* Rs 


Ri 
В: Е Rs 


= 10х 





l+gm-Rs + 


I 
(fis the feedback factor 


Д 
Ві + Rs 2 

It can be seen from figure 10 that if Кз 
is omitted there will be no voltage fed- 
back from the output. This is equivalent 
to making Ёз infinitely large in the 
foregoing calculations, and results in 
in the voltage gain being increased by 
a factor of about 8. 





И a comparison is now made between 
the circuit of figure 10 and a normal 
opamp, such as the дА 741, a number 
of similarities become evident. Both the 
OTA and the opamp can be operated 
as voltage amplifiers, and voltage nega- 
tive feedback can be used with either. 
Both can have either symmetrical or 
asymmetrical inputs, inverting or non- 
inverting. The OTA, however, becomes 
а pure current source when it has no 
load resistance; a feature which can Бе 
advantageous Гог some applications. 
Besides this, the OTA has the feature 
that, as the transconductance is varied 
by varying the bias current, the input 
and output impedances also vary over 











Table 2. Characteristics and maximum 


ratings of the CA 3094 AT. 
Maximum ratings: 
DC supply voltage be- 





tween +У and —Vp: 36v 
Differential input 
voltage: +БУ 
Common mode input 
voltage: Vp to Vp 
Input signal current: 1тА 
Bias current (lagc) 2mA 
Output current: 

peak: 300 mA 

average: 100 mA 
Device dissipatio: 

630 mw 

with heat sink: 16W 

Peak dissipation (1 mS): 10W 


Operating temperature 
range: 


Characteristics: 

Vp = 15 V; —Мь = —15 V; 
1АВС = 100 HA). 
Differential input capacitance: 
Differential input resistance: 
(1двс = 20 МА): 

Input offset current: 

Input bias current: 

Device dissipation: 
Bandwidth (Unity gain): 
Amplifier bias voltage: 


—55° to +125°C 


2.6 pF 


1MQ 
0.02 HA 
0.2 НА 
10 mw 
30 MHz 
0.68 V 
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Figure 10. This circuit incorporates negative 
feedback from the output through R3 to the 
inverting input. 


Figure 11. A CA 3080 connected as ап A.C.- 
coupled asymmetrical amplifier. Negative 
feedback is taken from the emitter of Тү 
through R3 to the inverting input of the IC. 





Figure 12. Detailed circuit of the output 
section of a CA 3994 AT OTA. The difference 
from the CA 3080 consists of the addition of 
resistors Ry/R2 and transistors Т12/Т1з. 


Figure 13. Functional diagram of the 

CA 3094 AT. The corresponding output of 

the CA 3080 (Pin 6) is connected in this case 
_ toPin 1. 


а wide range. If it is important for a 
particular application that one of these 
parameters (but not the other two) 
should have a specific value, it can be 
adjusted to this value by controlling 
the bias current. 

Yet another feature possessed only by 
the OTA is that the gain can be con- 
trolled as may be required by D.C. or 
A.C. potentials, thus making amplitude 
modulation, sampling or switching 
functions possible, 


Output buffer stage 


Table 1 shows that the peak output 
current of the CA 3080 is only 500 pA, 
and this can be a drawback in a number 
of applications; moreover a 'power 
OTA such as the CA 3094 AT costs 
twice as much. 


А simple solution is given in figure 11, 
which shows a buffer transistor follow- 
ing the OTA. By this means the output 
current (ДІоці) of the OTA is multiplied 
in the same ratio as the current amplifi- 
cation of Тү. Another advantage accru- 
ing to the addition of T, is that, being 
an emitter follower, its output im- 
pedance is low. 

The load impedance which the OTA 
‘sees’ at its output is equal to the values 
of Rs, Re and the input impedance of 
Ty, all in parallel. 

The fact that the CA 3094 AT has been 
developed shows that RCA themselves 
have, indeed, given thought to the need 
for higher output currents. This OTA is 
equivalent to the CA 3080 except for 
the addition of two resistors and two 
transistors. Figure 12 shows in detail 
the output circuit of a CA 3094 AT. 
A comparison with figure 4 shows that 
R,/Ra and Т/Т, have been added in 
figure 12. Some of the characteristics of 
the CA 3094 AT are given in table 2, 
and the connections are given in 
figure 13. Pins 8 and 6 become power 
output points for ‘sink’ or ‘drive’ cur- 
rents respectively. The low-power out- 
put, which is at Pin 6 in the CA 3080, 
is brought out at Pin 1 in the 
CA 3094 AT. K 
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The store of dried feed is held in a 
trough with V-shaped sides (figure 1). 
At the bottom of the trough is a cylin- 
drical container which runs the length 
of the trough, and which has one side 
cut away. This cylinder is driven, via a 
reduction gear, from a small model 
motor. As the container rotates it will 
fill when the open side is uppermost, 
and empty into the aquarium as it ro- 
tates. The number of revolutions made 
at each feeding session, and hence the 
amount of food delivered, is controlled 
by the electronic circuitry. A cowl at 
the bottom of the dispenser prevents 
splashing caused by the fish or the aer- 
ator from making the feed sticky and 
thus clogging the dispenser. 


The circuit 

In figure2, Т1 is an emitter-follower 
whose base potential is controlled by 
a light dependent resistor R1 and a 
potentiometer P1. This is followed by a 
Schmitt trigger, T2 and T3, which has a 
large degree of hysteresis. This drives T4 
via R9 and zener diode D2. During dark- 





ness the resistance of the LDR is high. 
The emitter potential of Т1 is therefore 
high, T2 is turned on and T3 is turned 
off. Hence T4 is also turned on. When 
daybreak comes the resistance of the 
LDR drops, the emitter potential of T] 
drops, and when the switch off 
threshold of the Schmitt trigger is 
reached T2 turns off and T3 turns on. 
T4 therefore turns off. Point A goesup 
to supply potential. 

The switch-on threshold at daybreak 
can be adjusted with P1. The hysteresis 
of the Schmitt trigger is so great that 
even large brightness variations during 
the day will not cause spurious trig- 
gering. However, care must be taken to 
ensure that the LDR is screened from 
room lighting so that spurious trig- 
gering does not occur in the evening. 
The motor control circuit is shown in 
figure 3. When T4 switches off at day- 
break, T5 turns on. This shorts out the 
base of T6 through C2, and Тб turns off 
until C2 раз charged sufficiently 
through R15 and P2 for T6 to turn on 
again. During this time T7 and T8 are 
tumed on and the motor runs. The 
charging rate of C2, and hence the 
motor running time, can be adjusted Бу 
P2. In the evening when T4 turns on, 
TS turns off but this does not affect the 
state of the following stage, so no 
feeding occurs. 

If the fish feeder is to be used other 
than at holiday times the triac switch of 
figure 4 may be used to control the 
aquarium lighting. It is important to in- 
clude C3 across the choke of the fluor- 
escent tube to avoid high voltages being 
applied to the triac. If the lighting cir- 
cuit is connected to the automatic 
feeder it is imperative to ensure that the 
finished construction is adequately in- 
sulated as the ground connection of the 
fish feeder is connected to the mains 
neutral. No part of the circuit should be 
accessible, and in particular the motor 
should be insulated, including the drive 
shaft. Potentiometer P2 should have a 
plastic shaft, and the whole assembly 
should be mounted in a plastic box, 
with no metal protrusions. 
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Partition 


D.C. motor with reduction 


Dimensions a, b and c depend on 
the daily quantity of feed 


Rotating container 


es 


Construction of the dispenser 
The dispenser is probably best con- 
structed of clear acrylic sheet, so that 
the level of food may easily be seen. 
This may be glued together with acrylic 
cement. Motors with suitable reduction 
gearboxes can be obtained from most 
model shops. 
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тї Q1 
С» tee 
тз оз 
soda 
r2g——— —_I 
It is possible to use two МАМО or [a 
NOR gates to make up a flipflop 
-a circuit with two stable con- 
Ii Q1 и от 
ditions. The process can be 
extended to obtain circuits 
with three or even more stable 
states, I2 А 12 di 
Is аз THES оз 
5042-2 
The arrangements shown in figure 1 
NOR gat 
both have 3 stable states. The state NOH uites == © 
taken up by the outputs will depend on по І в Qi 02 оз n -h з О 02 93 
the input conditions applied. These cir- аа арэне кк Ж Node up MD. 
cuits have the objection that correct 1 5 1 H 2 H 0 1 0 1 0 1 
Operation is only guaranteed when о 1 1 1 0 0 0 0 1 1 1 0 
drive is applied to two of the inputs 1 1 1 0 0 0 1 1 1 0 о 0 
at once (see table 1). 
It is however possible to modify the cir- NAND gates NAND gates 
cuits so that a single input drive will П 1 1 Q. а: а. Й Я 13 о 92 Оз 
produce the desired output state. The а o d Fu г "a 0 0 0 1 1 1 
circuit as a whole becomes more exten- 0 0 1 1 1 о 0 1 1 1 о 0 
sive; but it becomes easier to use. о 1 о 1 о 1 1 о 1 о 1 о 
Figure 2 shows the modified arrange- he oo 0 t.r Я U t 10 9, ка 
ment. The operation of this circuit can Dae cir. uf a 080. at NS. >: 5. 
be followed from table 2. Table 1 Table 2 
Figure 3 shows a master-slave shift regis- 
ter. If C is at logic “1”, then the OR-gate | |23 
outputs will also be “1”, so that the state = 
of Qr-QzQs does not change. И C a 
becomes ‘0’, the AND-gate outputs E 
will also be ‘0’, so that the state of 1-11 
0-05-06 is held. 
Suppose for example that C is logic 9”, 12 
with I; = ‘0’, 12 О and В = ‘Г. We pO 95 
find that Оз = ‘1’, 02 = ‘I’ and Qs - 0". 02-22 
Since C is '0* the state of 04-05-06 is 
maintained. If С now goes to ‘I’, the 
outputs Оз, Оз and Qs will not change. T3 ваз Ø 06 
This state is also the state at the inputs а-а 
Ia, Is and Ie. Од therefore becomes ‘0’, 
Qs also “0° and О ‘I’. This shows that е 





the input information 0071" appears, i 
after one clock pulse, at the output. М zz] 
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This oscillator was designed for 
driving electronic games of 
chance, such as the 'three-eyed 
bandit' (Elektor No. 2 page 238) 
or an electronic 'roulette wheel'. 
The disadvantage of the 'three- 
eyed bandit' is that a stop button 
must be pressed to stop the three 
oscillators and obtain the final 
display. Thus the tension and 
anticipation obtained with a real 
one-armed bandit as the number 
drums slowly grind to a halt is 
missing. The voltage-controlled 
oscillator overcomes this by pro- 
viding an output whose frequency 
slowly reduces until it finally 
stops. This can also be used to 
simulate the ‘rolling out’ of the 
ball in a roulette wheel. 


The circuit is based on the well-known 
astable multivibrator (figure 1). The fre- 
quency of oscillation of this circuit is 
determined by the charging current into 
СІ and C2 through Вв2 and Ев] when 
either of the transistors is in the cutoff 
state. The multivibrator can be turned 
into a simple VCO by connecting RB] 
and Rg? to a seperate supply instead of 
to +Vp. Increasing the voltage applied 
to the base resistors will increase the 
charging current through them into СІ 
and C2, and will hence increase the fre- 











quency of oscillation. Reducing the 
voltage has the opposite effect. 

There are however, certain limitations 
to this simple approach. The base res- 
sistors perform two functions. When 
(for example) ТІ is turned on ЕВ] sup- 
plies its base current. The minimum cur- 
rent must be such that the transistor 
remains in saturation. This places a 
restriction on the minimum voltage that 
may be applied for a given base resistor. 
When Т1 is turned off and T2 is turned 
on, Rg] supplies the discharge current 
for C2 whilst R1 supplies the charging 
current for Cl. For correct operation 
СІ must have charged up to almost *Vp 
before T1 turns on again. This means 
that C2 must discharge more slowly 
than Cl charges, and this limits the 
maximum control voltage that may be 
applied to the base resistors. In practice 
frequency changes of between 10 : | 
and 50 :1 can be achieved, depending 
on the gain of the transistors. This is in- 
sufficient for this application. 


Base current feed through zener 
diodes 

The limited frequency range can be ex- 
tended by the circuit of figure 2. Nor- 
mally the coupling capacitors supply a 
portion of the base current whilst they 
are charging from the collector resistors, 
but this ceases as soon as the capacitors 
are charged. The zener diodes perform 
two functions: 

1. they limit the voltage to which the 
coupling capacitors charge, and hence 
the time required for charging. 

2. they provide a D.C. path for the 
transistor base current, even when the 
capacitors have charged. This means 
that the base resistors only provide the 
discharge current for the capacitors with 
the transistors in a cutoff condition. 
They can thus be much larger. Also, 
since one transistor is always cut off, 
only one base resistor is required 
(shown dotted in figure 2) provided the 
transistor bases are isolated by diodes. 
When this circuit is used as a VCO by 
connecting КВ to a control voltage a 
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Figure 1. A basic astable multivibrator. This 
miay be voltage-controlled by connecting the 
base resistors to a variable voltage instead of 
* Vb. 


Figure 2. Addition of zener diodes makes 
transistor base current almost independent 
of base resistors. The two base resistors can 
be replaced by а single resistor and two 
diodes. 


Figure 3. Base resistor replaced by a voltage- 
controlled current source. 


Figure 4. Addition of emitter followers im- 
proves risetime without sacrificing loop gain. 
T6 further improves risetime and drives TTL. 


frequency range of between 200 : 1 
and 500 : 1 із obtainable. 


Decaying frequency characteristic 
The next step is to achieve the gradual 
decay of frequency required. This is 
accomplished in the circuit of figure 3. 
When the pushbutton is pressed C3 is 
charged rapidly. The voltage on C3 
tums on T3 which causes the oscil- 
lator to start. As C3 slowly discharges 
the collector current of T3 decreases 
and the oscillator frequency reduces 
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until the voltage across C3 is less than 
about 0.6 V, when T3 cuts off and the 
oscillator stops. 


The final circuit 

Figure 4 shows the final circuit. Emitter 
followers T4 and T5 are incorporated 
to provide a low impedance charging 
path for the coupling capacitors, thus 
improving the rise time of the waveform 
without reducing R1 and R2, which 
would reduce the loop gain. T6 converts 






the output to a level suitable for driving 
TTL circuits. 

The discharge rate of C3, and hence the 
‘rolling out’ time, is adjusted by P1. The 
al frequency of oscillation is ad- 
justed by P2. Note that Cl and C2 
should be non-electrolytic types. 

With the component values shown the 
results obtained were as follows: 
Starting frequency 100 to 300 Hz. 
Final frequency about 0.3 Hz. 

‘Rolling out’ time 25 s maximum. K 
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This simple triac dimmer can be used to 
control incandescent filament lamps up 
to 1500 W. The circuit operates on the 
phase-control principle. The main con- 
trol is provided by P2. This determines 
the rate at which C2 charges and hence 
the point along the mains waveform at 
which the voltage on C2 reaches the 
breakdown voltage of the diac, which is 
when the triac is triggered. Pl, in con- 
junction with R1 and СІ determines the 
minimum brightness level, or alterna- 
tively may be used as a fine brightness 
control Interference suppression is 
provided by R2 and C3. 





Construction 

The printed circuit board is very com- 
pact and can easily be accommodated 
inside the modern, square type of flush- 
mounting switch panel, or in a small 





box for portable applicatiqns. The 
following safety points should be noted. 
No part of the circuit should be access- 
ible from the outside. The case should 
preferably be made of plastic or other 
insulating material, and fixing screws for 
the board should be nylon. If a metal 
сазе is used the board must be ad- 
equately insulated from it and the case 
should be earthed. The potentiometer 
should have a plastic spindle. 
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The dual-slope technique is one of the 
simplest and most reliable DVM sys- 
tems. The voltage to be measured is fed 
to an integrator for a fixed period of 
time. The current into the integrator, 
and therefore the charge on the inte- 
grator capacitor at the end of this 
period, is proportional to the input volt- 
age. The capacitor is then discharged at 
a (known) constant current and the 


time taken for the capacitor to com-_| 


pletely discharge is measured. Since the 
discharge current is constant the time 
taken to discharge is proportional to 
the original charge, which in turn is pro- 
portional to the input voltage. The dis- 
charge time is measured by feeding 





clock pulses from an oscillator to a digi- 
tal counter until the voltage on the ca- 
pacitor reaches zero. The same oscillator 
is used to determine the original charge 
time. This means that any long-term 
variations in the oscillator frequency are 
unimportant since they will affect both 
the charge time and the measured dis- 
charge time equally. The long-term stab- 
ility and absolute frequency of the oscil- 
lator are thus unimportant. The only 
reference standard in the DVM is the 
constant discharge current, which must 
be stable. 

Looking at the system mathematically: 
Current into integrator I, = V/R, where 
V is voltage to be measured and R is in- 
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Figure 1. Block diagram of the complete 
DVM. The arrows in the various connections 
indicate the direction of action, 


Figure 2. The input voltage applied. 
Figure З. The time axis. The time 14-12 is the 


charging time, t2-t3 is the discharge time, and 
1350 is the display time. 





Figure 4. Output voltage of the reset pulse 
generator. 


Figure 5. The input voltage to the integrator. 


Figure 6. The discharge current of the inte- 
grator. 


Figure 7. The output voltage of the integrator. 


Figure 8. The output voltage of the zero- 
crossing detector. 


Figure 9. The clock pulses applied to the 
counter. They first consist of 100 reference 
pulses, which determine the charging time, 
followed by a number of pulses proportional 
to the voltage of the input signal. The fre- 
quency of these pulses can be assumed to be 
constant during the time 11-13. 


Figure 10. The clock generator. Via line A the 
pulses go to the count gate, via line B 
the reset pulse generator is driven. 





Figure 11. The reset pulse generator. This 
supplies reset pulses to the counter (via C and 
D), and a start pulse to the control logic (via 
Е). 


tegrator input resistor. 

Charge on integrator capacitor at end of 
charge period At; 

X. 
R 
Time taken for capacitor to discharge at 
constant current 12 

.Q VAt 

№ В. 

Since At, and At; are derived from the 
same oscillator it can be seen that a vari- 
ation in oscillator frequency will affect 
both At; and At, equally, and the final 
result will remain the same, provided І» 
does not change and В is fixed. 


Q=hAt =g" Ati: 
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The block diagram of the DVM is given 
in figure | and an operational timing 
diagram in figures 2-9. The timing dia- 
gram is drawn for both a positive and 
a negative input voltage. 

The sequence of operation is as follows: 
the input chopper applies the input volt- 
age (figure 2) to the integrator for a 
fixed time 11-42; (figure 3). The chopped 
input to the integrator is shown in fig- 
ure 5. During this time the integrator 
output rises linearly as the capacitor 
charges (figure 7). The step in the inte- 
grator output waveform at the beginning 
and end of the charge period is ex- 
plained in the detailed description of the 
integrator later in the text. 

At the end of the charge period the inte- 
grator is disconnected from the input 
voltage and is connected to the dis- 
charge circuit. The integrator capacitor 
discharges linearly during the period t2- 
t3 (figure6). During the whole 
period ty-t3 the output of the zero- 
crossing detector (figure 8) is positive. 
When the voltage on the integrator ca- 
pacitor reaches zero the output of the 
zero-crossing detector falls to zero. This 
is used to control the clock pulses to the 
counter (figure 9). The operation is ef- 
fected by the control logic in the block 
diagram. Before each measuring period 
the counter and control logic are reset 
by a pulse from the reset oscillator 
(figure 4). 

Measurement of a negative voltage is 
performed in a similar manner. The only 
differences are that the output of the 
zero-crossing detector is negative. This is 
detected by the polarity detector and is 
used to reverse the polarity of the con- 
stant current from the discharge circuit. 
(Otherwise the integrator output, being 
already negative, would simply become 
more negative and would never cross 
zero.) 

A refinement is incorporated in the 
form of a drift compensator circuit, 
which nulls out the effect of zero drift 
in the integrator and zero-crossing detec- 
tor. 


Circuits in the DVM 

Clock Generator 

The clock generator, which provides 
drive pulses for the counter, is shown in 
figure 10 and consists simply of a two- 
transistor astable multivibrator with a 
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frequency of approximately 15 kHz. As 
stated earlier, the long-term stability of 
this oscillator is unimportant. 


The Reset Pulse Generator 

This circuit is shown in figure 11 and is 
based on a programmable unijunction 
transistor, T14. The gate of this device 
receives a D.C. bias from R42 and R43. 
Pulses from the clock generator are 
applied to point (B) and charge up C7 
through 010 and R41. When the uni- 
junction fires C7 discharges through the 
unijunction and R44, and the voltage 
across R44 causes T10 to turn on. This 
causes TI] to turn off. A negative- 
going pulse is therefore available at the 
collector of T10 and a positive-going 
pulse is available at the collector of T11. 
The time between reset pulses is deter- 
mined by the time constant R41 x C7, 


and in this case is one second. The inter- 
val between reset pulses determines the 
measurement repetition rate and also 
the time for which each reading is dis- 
played. It may be altered to suit per- 
sonal taste, provided it is longer than 
the measuring period t,-t3. 

C7 should be a low-leakage type, prefer- 
ably tantalum. 


The Counter 

The counter circuit (figure 12) consists 
of two 7490 decade counters and a 
JK flipflop (half of a 7473). The 7490's 
count the two least significant decades 
and drive 7447 seven segment decoders 
and LED or Minitron displays. The 
ЗК flipflop counts the ‘hundreds’. Since 
the maximum display is 199 only а one 
need be displayed by the hundreds dis- 
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play. For economy, a seven segment dis- 
play is not used but simply two LED's 
in series. The other half of the 7473 is 
used in the control logic. 

Clock pulses to the counter are gated by 
а two-input NAND-gate (quarter of a 
7401). 


Input Chopper 

The input chopper (figure 13) connects 
the input voltage to the non-inverting 
input of the integrator during the charge 
period, t,-tz. For the rest of the 
measurement cycle it grounds this input. 
The circuit functions as follows: 

during the interval t;-t; point H is at 
logic ‘1’ (+5 V) so TI is turned off. T2 
is also turned off. The gate of F1 is held 
at about —10 V so Е! is cut off. The 
gate of F2 is held at about —1.2 V, so 
F2 із turned on. The input voltage 
therefore appears at pointl via the 
FET F2, and is thus fed to the input 
of the integrator. 

At time t; point H becomes low, so TI 
and T2 are both turned on. The gate 
voltage of ЕІ becomes about —2 V, so it 
conducts and grounds the input of the 
integrator. The gate voltage of F2 be- 
comes about —10 V, so it is cut off and 
the input voltage is disconnected from 
the integrator. 


The Integrator 

The integrator of figure 14 serves to 
establish a voltage-time relationship, i.e. 
the number of clock pulses counted 
must be proportional to the input volt- 
age. The circuit operates in the follow- 
ing manner: 

to achieve a reasonably high input im- 
pedance without additional buffer 
amplifiers a non-inverting integrator 
configuration is used. When the input 
voltage is applied to the input I by the 





input chopper, the output of the 741 
will swing positive. Since C2 appears as 
a short circuit to this step input there is 
100% negative feedback through C2. 
The output voltage of the 741 must 
therefore assume the same value as the 
voltage on the inverting input (pin 4), 
which by definition is the same as the 
input voltage on pin 5. The input volt- 
age thus appears at the output as a 
positive-going step. Since there is now a 
voltage across R12 a (constant) current 
flows through it which is proportional 
to the input voltage. Since no current 
can flow into the inverting input of the 
741 this current must flow into C2. 
Since the current is constant the charge 
on the capacitor, and therefore the volt- 
age across it, increases linearly. The 
capacitor is allowed to charge for a 
period of 100 clock pulses. The voltage 
across C2 is then 


L At Vig*At 
С К “С 


where At represents the time interval t;- 
tr. 

At timet; the input chopper discon- 
nects the input voltage and grounds the 
non-inverting input of the integrator. 
This causes a negative-going step, which 
cancels out the earlier positive-going 
step. The voltage on the inverting input 
of the amplifier is now zero, so the volt- 
age across C2 is the same as the output 
voltage. 

When the discharge circuit is connected 
to point J (the inverting input) the inte- 
grator begins to function in the in- 
verting mode. The discharge circuit sup- 
plies a constant current I, into the ca- 
pacitor of opposite polarity to the 
charging current. The capacitor thus 
discharges linearly. The voltage on the 
inverting input is, by definition, zero, so 
as the voltage across C2 falls so does the 


Figure 12. The counter. C and D are reset in- 
puts, A is the count input, F the driver for the 
count gate. Output б supplies a pulse to the 
control logic at the one hundredth count 
pulse. 


Figure 13. The input chopper. It is driven via 
line Н, and during the time 11-12 it passes the 
input signal on to the integrator (via line 1). 


Figure 14. The integrator. І is the input and L 
the output. The lines J and K, come from the 
discharge circuit and the drift compensator, 
respectively. C2 is the integration capacitor. 
P1 serves for zero-adjustment: with input 1 to 
earth and the lines J and K interrupted, the 
output L must be adjusted to O with this 
potentiometer. 


Figure 15. The zero-crossing detector. It 
amplifies the output voltage of the integrator 
(line L), and drives the drift compensator and 
the polarity detector (via M and N). 


Figure 16. The polarity detector. This is in 
fact a three-position switch: for input voltages 
higher than +600 mV output 0 is ‘low’ and P 
‘high’; for voltages between +600 mV and 
2600 mV both outputs are ‘high’; whilst for 
voltages below —600 mV 0 is high and P is 
low. 


Figure 17. The polarity indicator. It drives the 
pilot lamps, depending on the polarity of the 
input signal during the measuring period. 


Figure 18. The discharge circuit. This is 
switched on via line $ or T from the control 
logic, and ensures that the integration ca- 
pacitor is discharged via line J. The DVM із 
calibrated with adjustment potentiometer P2 
for positive, and with P3 for negative input 
voltages. Both are adjusted until the counter 
indicates one unit per millivolt. 
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741 output voltage (which is identical). 
During this time the counter is counting 
clock pulses, until the zero-crossing 
detector monitors zero volts on the 
output of the 741. The discharge 
time Aty is given by: 

voltage on C2, 


I *At Lh *Aty 








У 
C; с, 
therefore 
Мм 
Ак = 
2 
but 
Vin 
I, =~ 
. Rm 
therefore 
Vin * At 
| Ay=— = 
* Reh 


Since At, R12 and 1; are all fixed Aty is 
proportional to Ут. 


The Zero-Crossing Detector 

This circuit also uses an op-amp (fig- 
ure 15), but in this case a 709 is used 
which has a greater slew-rate than the 
741. The circuit has a high gain, about 
70 x, so a small swing of the input volt- 
age positive or negative will make the 
output swing hard over to plus or minus 
10 V. 05 and Рб provide input protec- 
tion by limiting the voltage on pin 5 of 
the IC to about 50.2 V maximum, and 
R23 limits the current through the 
diodes. C3 and C4 are included to keep 
the 709 stable. 

The output of the zero-crossing detector 
is connected to the input of the polarity 
detector (figure 16). For outputs from 
the zero-crossing detector greater than 
+0.6 V Тб is turned on and T7 is turned 
off, while for outputs more negative 
than —0.6 V T7 is turned on and T6 is 
turned off. For voltages between —0.6 V 
and 40.6 V both transistors are turned 
off, thus providing a zero indication. 





Polarity Indicator 

This consists of two high power NAND- 
gates (7440), connected as a set-reset 
flipflop (figure 17). During Ње 
measuring period this flipflop is either 
set or reset by the polarity detector de- 
pending on the polarity of the measured 
voltage and the appropriate LED is lit. 
The flipflop is necessary to store the 
polarity indication during the display 
period, when the output of the inte- 
grator (and hence of the zero-crossing 
detector) is zero. 


The Discharge Circuit 

There are in fact two discharge circuits, 
one of which is used depending on the 
polarity of the input signal. The circuit 
is shown in figure 18. When the input 
signal is positive, the output of the 741 
in figure 14 is positive, and C2 charges 
so that the ‘right-hand’ end is more 
positive than the ‘left-hand’ end. This 
means that to discharge the capacitor 
the output of the integrator must be 
negative-going during the discharge 
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period. Current must therefore flow into 
point J. For a negative input signal the 
output of the integrator is negative, so 
the output must be positive-going 
during the discharge period. Current 
must therefore flow out of point J. 

The discharge circuits operate as fol- 
lows: when the input signal is positive 
point T is grounded by a control signal 
from the polarity indicator via the con- 
trol logic while point S remains high. T4 
and Т5 are therefore turned off, whilst 
T3 is turned on. +5.6 V therefore ар- 
pears across 71. The voltage applied to 
R13, and therefore the current through 
R13 into the integrator, can be adjusted 
by P2. 

When the measured voltage is negative, 
point T is ‘high’ and point S is ‘low’. ТЗ 
is turned off and T4 is turned on. 
5.6 V appears across Z2 and the cur- 
rent through R14 can be adjusted by РЗ. 


The Drift Compensator 


To prevent zero drift in the integrator 
and zero-crossing detector from causing 





Figure 19. The drift compensator. 
switched on via line U, and provides a feed- 
back from the output of the zero-crossing 
detector to the inverting input of the inte- 
grator. 





Figure 20. The control logic. Іт receives 
signals from the reset pulse generator (Е), the 
counter (G) and the polarity detector (0 and 
P). It drives the input chopper (H), the count 
gate (Е), the discharge circuit (5 and Т), the 
polarity indicator (Q and А) and the drift 
compensator (U). 


Figure 21. The overall diagram. P1 serves for 
zero adjustment of the integrator [see fig- 
ure 14). P2 and РЗ serve to calibrate the DVM 
(see figure 18). 
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inaccuracies feedback is applied round 
these circuits during the display period. 
During this time point U is low, so T13 
is tumed on and hence F3 is conducting 
(figure 19). Points M and K are connec- 
ted to the output of the zero-crossing 
detector and the inverting input of the 
integrator respectively, so any voltage 
offset on the output of the zero-crossing 
detector will be integrated, which will 
tend to null out the offset. 

During the measuring period point U is 
‘high’, and the drift compensator is 
switched off so that the integrator and 
zero-crossing detector can function 
normally. 


Control logic 


The measurement sequence timing is 
performed by the control logic, the cir- 
cuit of which is given in figure 20. The 
measurement sequence starts with a 
positive pulse from the reset pulse gen- 
erator, which resets the counter via 
point D (figure 12). This pulse is also 
applied to point E of the control logic, 
and on the trailing edge of the pulse the 
JK flipflop (!4IC3) is set. The Q output 
connected to lineH switches on the 
input chopper, whilst the Q output goes 
‘low’ and sets the set-reset flipflop con- 
sisting of two NAND-gates. Output Е 
thus goes ‘high’, opening the gate to the 
counter, so that it begins to count clock 
pulses. The drift compensator is also 
switched off via line U. A negative going 
pulse presets FF in figure 12 via line C. 
The Qoutput of the 7473 holds the 
inputs of gates A, and Аз low via D8, 
which holds both inputs to the d 
charge circuit (S and T) high. The dis- 
charge circuit is therefore inoperative. 
When 100clock pulses have been 
counted (time t2) output С in figure 12 
goes 'low', resetting the JK flipflop 
(41C3). The input chopper is now 
switched off via line H. In the meantime 
the flipflop comprising Аз and A4 has 
been either set or reset by the polarity 
detector. Since the Qoutput of the 
7413 is now *high' the outputs of Аз 
and A4 can be gated through A, and 
Аз to set the polarity indicator via 
lines Q and R, and also to enable the 
appropriate part of the discharge cir- 
cuit. The counter continues to count 
clock pulses. Note that it is not necess- 
ary to reset the counter at time tz, as at 
the hundredth pulse it has reached zero! 
When the output of the integrator 
reaches zero the output of the zero- 
crossing detector is also zero. Both out- 
puts of the polarity detector go ‘high’, 
so the output of gate Вз goes low, 
resetting the flipflop (В, and B2), 
which disables the discharge circuit via 
D7 and Aj, А». The counter gate is 
closed via line F so the count ceases. 
The display now indicates the measured 
value of the input voltage until the next 
reset pulse. 

















dual slope дут elektor september 1975 — 941 








е1 


























CLOCK GENERATOR 


























RESET PULSE GENERATOR POLARITY INDICATOR 



































DISCHARGE CIRCUIT 
























































942 — elektor september 1975 


lep 





A. Schulz 








The principle of a LEP can be compared 
to a light-activated switch. The light 
source, however, has been replaced by 
the light pistol. By pulling the trigger 
of the LEP a short flash of light is 
emitted. This flash of light is produced 
by a lamp built into the barrel of the 
pistol. A microswitch operated by the 
trigger, connects a previously charged 
capacitor across the lamp. Via this low- 
resistance load the capacitor discharges 
quickly. As a result the lamp lights 
momentarily. 

To increase the intensity the lamp is 
briefly loaded with three to four times 
its nominal voltage. Moreover, the light 
flash is focussed by a biconvex lens into 
a parallel beam. 

Figure І shows the circuit diagram of 
the flash circuit. One possible practical 
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realisation is shown in беше 2. The. 


target has a light sensitive bull's eye. 
The circuits for hit and time indication 
are situated behind the target. 


Block diagram 

Figure 3 shows the block diagram of the 
hit and time indicator. 

А start-stop-oscillator (block 1) supplies 
the counting pulses for the timer. This 
timer (block 2) indicates the time be- 




















tween start and hit with a resolution 
of 1/100 second. 

If the bull’s eye is not hit within 
9 seconds, the change-over from 8 to 9 
is used by means of an AND-gate 
(block 3) to start a monostable multi- 
vibrator via block 4. The latter blocks 
the start-stop-oscillator for 2 seconds. 
After these 2 seconds the monostable 
resets. As a result the oscillator is started 
simultaneously with a second mono- 
stable (block 6). The second monostable 
resets the counter. 

By means of this second monostable 
the counter is maintained at zero for 
one more second, so that the total inter- 
val time is about 3 seconds. Figure 4 
shows the diagrams of the pulse trains a, 
b and c. After this interval time the 
counter starts all over again. 


Figure 1. Circuit diagram of the flash circuit. 


Figure 2. The practical construction can be 
very realistic, depending on the imagination 
of the builder. All components are easily 
accommodated inside the pistol. 


Figure 3. Block diagram of the LEP. 

Figure 4. Timing diagram of a: the output 
of ММІ, b: the output of MM2 and c: the 
the oscillator output. 


Figure 5. Circuit of the "LEP complete with 
timer and traffic light". 
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This counting cycle can be interrupted 
only by a direct hit on the light sensitive 
resistor (block 7). Then a pulse is pro- 
duced which via the OR-gate (block 4) 
triggers the monostable multivibrator 
(block 5) so that the oscillator is 
stopped. 


Diagram 

Figure 5 gives the overall diagram of 
the hit and time indication. The indi- 
cation unit uses three cascaded 7490 
decade counters with 7447 decoders 
driving Minitrons and needs little further 
discussion. 

The minitron has been chosen for the 
display. Any other seven-segment dis- 
play could, however, be used instead. 
The counter input is connected to an 
astable multivibrator. This multivibrator 
is formed by two nand gates (№5 and 
№) with frequency-determining el- 
ements. 

A control unit starts and stops the 
oscillator, also resets the counter. An 
important part of the control unit is the 
hit detector built around Т1. 

Transistor ТІ is adjusted so that it is 
normally conducting. The voltage div- 
ider consisting of R1 and R2 coupled 
by a capacitor can, however, briefly 
influence the bias of T1. When a light 
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trigger produces no pulse, it remains at 
the logic “І” level. The same applies to 
the output of N3. This output remains 
“Г. until the last counter has reached 
position 1001. This happens after 
9 seconds. As soon as the position 1001 
ijs reached, the output of N3 changes 
to ‘0’, so that MM1 is triggered ма №, 
From then on it is impossible to trigger 
ММ! from the hit indicator. 


t The triggering of the monostable multi- 
іск vibrator ММІ causes the oscillator 
formed by the gates М5 and Мб to be 


уа 4 
flash hits R2, the base of TI will be i men 
briefly grounded. As а result TI blocks Н 
and by means of the trigger circuit T 
Н 


consisting of МІ and N2, a short pulse 
going from “1” to ‘0’ is generated. This 
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t brator ==: =: connected to the Q-output o n 

мп сале behind. The sensitivity = | Н эшенә At the same time the set-reset flipflop 

е trigger circuit can to some extent А-а (№7 plus №8) is reset by the Q-signal on 


be adjusted with P1. 


с the input of N8. As a result the output 
NAND N4 is used as an OR-gate here! of №8 becomes ‘1’ so that the red lamp, 
As long as the output of the Schmitt connected in the collector circuit of T2, 
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lights up. The output of №7 goes to '0', 
so that the green lamp in the collector 
circuit of T4 extinguishes. 

The circuit uses a kind of ‘traffic light" 
as an indicator, which gives the start 
signal (green) and also indicates either 
that a hit has been made or that the 
playing time is over (red). 

The cycle time of MMI is about 
2 seconds. MM2 is started on the trailing 
edge of the output signal of О of MM1 
(that is after two seconds). The Q-output 
of MM2 then becomes ‘Г. This causes 
the amber lamp of the traffic lights to 
light up. The set-reset flipflop is reset 
on the trailing edge of the Q-signal. The 
red and amber lamp extinguish and the 
green one lights up. As soon as the 
Q-output signal of the first monostable 
ММ! becomes “1” the oscillator №5 plus 
Мб starts again. At the same time the 
counters are reset by the output signal 
of MM2, and kept at ‘0’ during the 
cycle time of this monostable. Only 
when О of MM2 becomes ‘0° again, can 
the counter start counting the pulses 








of the oscillator. This coincides with 
the traffic lights changing to green. 
For 9 seconds it is then permitted to 
shoot at the target. The cycle described 
above repeats itself. 

The functioning of the traffic light is 
slightly unconventional. Normally the 
amber lights gives warning that red is 
coming up. In this circuit, the amber 
warns that green is coming up (to 
indicate that the marksman may 'go* 
ie. fire at the target). 


Construction 

The target is basically a board with a 
hole in the centre. This hole accommo- 
dates a lens with a focal length of about 
20 mm. The light sensitive resistor of 
the hit detector is mounted at the 
principal focus behind the board. A lens 
with about the same focal length is 
mounted in the barrel of the pistol. 
A diaphragm with a lamp directly be- 





hind it is mounted at a distance of about 
20 mm from the lens in the pistol barrel. 
The batteries can be housed in the butt 
of the pistol, which is a modified toy 
pistol of an ‘automatic’ type. 

The pistol should be fairly large, so that 
the components can easily be accom- 
modated inside it (see figure 2). The 
most realistic results are obtained if 
the pistol can retain the original cap- 
firing mechanism to produce a bang 
when the trigger is pulled. 


Conclusion 

Besides its original purpose (shooting) 
this apparatus can also be used for test- 
ing reaction speed. The possibility of 
cheating is then, however present be- 
cause of the amber warning light and the 
fixed time cycle. K 





N. Beun 





The author does not pretend to present a 
revolutionary design, but only wishes to 
give a positive contribution to safety on 
the road, because in his opinion direction 
indication is something that leaves much 
to be desired with cyclists and moped 
riders. 

The design described here is a trafficator 
circuit which consists of an astable multi- 
vibrator and a switching darlington. 
Since the trafficator must also operate 
when the cycle is stationary, a battery is 
provided; if the dynamo is not to be 
used at all, D, can, of course, be omitted. 


The flashing frequency is 64 ‘flashes’ per 
minute and is reasonably constant owing 
to the characteristics of the multivibra- 
tor. With the switching transistor (T4) 
used here, a maximum current of 0.4 A 
can be switched. Transistor T4 should 
have a low leakage current. 
The whole assembly (including batteries) 
should be shock and rattle-proof and 
mounted resiliently in a watertight cabi- 
net. Unauthorised use of the circuit is 
avoided by using a lock switch for Sia 
and Sib. 

и 
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Amplification of signals at frequencies 
up to 30 MHz without distortion and 
with a level frequency response requires 
fairly complex circuitry and may need 
expensive measuring equipment to set up. 
For driving digital equipment, however, 
distortion is less important, and in fact 
the amplifier described here clips the 
signal to provide a square wave output. 
The circuit will operate from a standard 
TTL (5 V) supply. 


Transistors used 

Experiments with various R.F. transis- 
tors proved unsuccessful due to the 
tendency of the circuit to ‘take-off into 


oscillation at umpteen megahertz, or not 5 
to work at all with the required supply H 
voltage. Quite by chance a BC109C was РЕ: 
soldered into the circuit, which at once i 
performed perfectly. Further exper- s 


iments showed that a large proportion 
of BC109C's performed quite happily to 
above 30 MHz. Tests were carried out on 
200 samples of ВС1078, ВС109С and 
unmarked “ТОМ, and the results are 
shown in figure І. The BC109C gave the 
best results, with 50% of the specimens 
tested being usable up to 30 MHz, and 
10% still usable at 80 MHz. 


The Circuit 


The circuit of figure2 is extremely 
simple. D1 and D2 limit the input voltage 
to protect the transistor. The transistor 
operates as а common-emitter amplifier. 


‚ Figure 1. Graph of percentage of usable devices 
versus operating frequency. 





Figure 2. The circuit of the amplifier. 


The output is fed to a pulse shaper con- 
sisting of 2 NAND Schmitt triggers 
(7413). This produces pulses with a rise 
time of less than 10 nanoseconds which 
will ensure reliable operation of the 
TTL circuits which the amplifier drives. 


Construction 

One or two points are worthy of note 
when building the circuit: 

1. Lead lengths should be kept short in 





view of the high frequencies involved, 
and in particular the output should 
be as close as possible to the input 
of the first 7413. 

. A transistor should be chosen with a 
D.C. current gain of greater than 200 
as these are more likely to have a good 
high-frequency performance. 

3. R2 provides D.C. biassing and feed- 
back and should be selected to give a 
collector voltage of about 1.25 V. 

4. The supply filter (R4, C2, C3) is 
definitely necessary to avoid 
transients on the supply line driving 
the amplifier. 


If all these points are attended to, the 
amplifier should operate up to at least 
30 MHz with an input sensitivity of 
100 mV. Measurements on the local 
oscillators of receivers can be carried out 
using the amplifier, although a smaller 
input capacitor may be required to 
avoid detuning the oscillator. Alterna- 
tively, a direct connection may not be 
necessary if sufficient signal strength is 
available. In that case a capacitive 
coupling may be made by winding a 
short length of insulated wire around 
the end of a suitable resistor or capacitor 
in the circuit under test. 

Finally, it should be emphasised that this 
amplifier is not suitable for analogue 
amplification of signals, for instance, as 
an aerial preamplifier, since the signal is 
clipped. K 
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The E1109 IC 
This COSMOS IC contains all the func- 
tions necessary for a 12 or 24 hour 
. clock. It incorporates an oscillator cir- 
cuit requiring only ап external 
4.194304 MHz crystal and trimmer ca- 
pacitor for operation. The display out- 
puts are multiplexed, and common 
cathode LED displays can be driven via 
single transistor buffer stages. A 1 
second output is available to drive a 
flashing LED, and an output is also 
available that gives one pulse every 
24 hours. Control inputs are provided in 


the form of reset (to 0.00), stop, slow 
and fast forward cycle, for setting the 
correct time. The circuit will operate 
on supplies up to *15 volts. 


The complete circuit 

The circuit of the complete clock is 
given in figure 1. Although the IC has 
good noise immunity a supply stabil- 
ization circuit is included that incor- 
porates interference suppression, for use 
in cars. The stabilizer is a simple zener 
reference driving an emitter follower, 


T13. However, due to the high current 
gain of the BC517 (typically 30,000) 
this circuit gives good regulation with 
few components. A filter consisting of 
КІ, R2 and СІ suppresses pulses from 
the car ignition system. Cl should be 
a low-inductance type of capacitor, 
preferably ceramic. The stabilizer pro- 
vides a supply to the clock of about 9 
or 10 volts. 

The clock may also be powered from 
the mains by a simple power pack con- 
sisting of a transformer, bridge rectifier 
and smoothing capacitor. The trans- 
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TI. TI = BC516 
ОРТ... ОРА = DL704 


12/24h = ак. 
51 = reser 
52= stop 
S3 = slow 
S4 = fast 
A= day 
В = seconds 
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former should have a secondary voltage 
of about 8 V r.m.s. The output of the 
power pack can then be connected to 
the input of the stabilizer on the clock 
board. 

The display outputs of the IC operate 
on the well-known multiplex system 
(see ‘MOSCLOCK 5314, Elektor Dec. 
1974). The multiplex frequency of 
1024 Hz is derived, inside the IC, by 
dividing down the 4.194304 MHz refer- 
ence frequency. The displays are pulsed 
sequentially for approximately 61ys. 
This means that the segment resistors 
must be quite low to achieve reasonable 
brightness. 

Since the IC can sink only 0.1 mA at 
the digit outputs high gain transistors 
must be used for T8 - Т11. For this 
reason the ВС516 was chosen, which 
has a current gain of typically 30,000. 
The maximum collector current is also 
an adequate 400 mA. As the segment 
drive transistors T1 - T7 carry only one- 
seventh the current (maximum) of 
T8 - T11, the BC179C may be a suitable 
alternative, However, these should be 
selected for a minimum gain of 400. 


The crystal X and C6 are the external 
oscillator components, The trimmer ca- 
pacitor is used to adjust the timekeeping 
of the clock by ‘pulling’ the oscillator 
frequency. This may be done by con- 
necting a frequency counter in the 
period mode to the seconds output 
pin 13. Direct measurement at the os- 
cillator output should be avoided, as 
this may load the output and alter the 





frequency. Alternatively the time- 
keeping may be adjusted over a longer 
period using radio or telephone time 
signals. 

The seconds output drives T12 which 
causes the LED D2 to flash, thus show- 
ing that the clock is working. This is, of 
course, a refinement and may be omit- 
ted if the continual blinking of the LED 
is annoying. The clock may be connec- 
ted for a 12 or 24-hour cycle by means 
of pin 18. This is grounded for a 


Figure 1. The complete diagram of the car 
clock, including the stabilized supply. М 
necessary, the transistors T1. . . T7 can be re- 
placed by types such as the BC 179 C. Each 
of the latter must then be checked for current 
amplification factor. 





Figure 2. Lay-out and component arrange- 
ment of the main p.c.b. The wire bridge 
serving as the fixed adjustment for 12-hour or 
24-hour clock requires extra attention (see 
text). 


Figure 3. The lay-out and component arrange- 
ment of the display p.c. board. This board is 
connected to the main p.c.board by means of 
the segment resistors (figure 2), 











Parts list figure 1 


Resistors: 

R1,R2 = 470 9, 
R9- 100 Q 
560 Q 





Capacitors: 
C1,C7...C10- 100п 
C2,C4,C5 = 1.5 y tantalum 
C3-22y,16 V 

C6 = trimmer 5...25р 





Semiconductors: 

IC = E 1109 — Eurosil 

. 111 = BC516 

C 177 B etc. 

T13- BC 517 

D1 = zener diode 10 V,100 mW 
D2 = LED (TIL209 or similar) 








Miscellaneous: 

X = 4.194304 MHz-crystal 

DP1 . . . DP4 = DL 704 (Litronix) or 
equivalents 

51...54 = change-over switches, if 
required double pole. 
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Figure 4. Showing how the main- and display 
printed circuit boards are interconnected. 


12-hour cycle and connected to positive 
supply for a 24-hour cycle. A link on 
the board makes this connection to the 
constructors requirements, 


Setting the clock 

Grounding the ‘reset’ input (pin 14) by 
means of $1 will reset the display to 
0.00. Grounding the ‘hold’ input (pin 
15) will stop the clock. S3 causes the 
minute display to advance by one 
minute per second, while S3 causes the 
hours display to advance by one hour 
per second. C7 - С10 are included to 
minimise the effects of switch contact 
bounce. The use of double pole switches 
with their contacts wired in parallel will 
also help if needed. 


Construction 

To keep the finished clock as compact 
as possible a three-dimensional con- 
struction is employed with the display 
board mounted on top of the main p.c. 
board, and connected to it by the seg- 
ment resistors and wire links. The board 
and component layouts are given in 
figures 2 and 3, and the general appear- 
ance can be seen from figure 4 and the 
photograph. The link for 12/24-hour 
operation is at the bottom lefthand cor- 
ner of the main board. Only one link 
should be soldered in as otherwise the 
supply will be shorted out. 

The IC should be the last component 
mounted on the main board and if it 
is soldered in then an earthed soldering 
iron must be used. For preference a 
socket should be used for the IC. Fi- 
nally, a 500 mA fuse should be connec- 
ted in series with the positive supply 
line when the unit is installed in the car. 


Variations on the design 

As mentioned earlier the clock may, if 
so desired, be run from a mains power 
pack. Like the MOSCLOCK a standby 
battery supply may also be incorporated 
if it is arranged that the supply to the 
displays is switched off in the event of 
a mains failure. (This reduces the power 
consumption to the few microamps 
needed to power the COSMOS cir- 
cuitry). Alternatively, the clock may be 
used as a travelling clock by powering it 
from a rechargeable NiCd battery, and 
incorporating a pushbutton to activate 
the display when required. For suitable 
circuits see MOSCLOCK 2, Elektor 
June 1975. K 
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COS/MOS opamp 


The CA3130 series of operational 
amplifiers, which RCA have intro- 
duced, offer a combination of the 
advantages of COS/MOS and 
bipolar transistors. A very high 
input impedance is achieved by 
the use of P-MOS (P-channel 
MOS) FETs in the input stage, 
while a large output voltage swing 
is made possible by the use of a 
COS/MOS transistor pair for the 
output amplifier. 
The CA3130 is supplied in a 
TO-5 housing. Type CA3130T has 
normal leads, while those of type 
САЗ1305 are bent into а 
DIL configuration. Three variants 
of the electrical specification are 
available: 
CA3130T and САЗ1305 are the 
standard versions; 
САЗІЗОАТ and CA3130AS have 
improved input specifications; 
CA3130BT and CA3130BS are 
better still. 
Figure 1 shows the connections 
for the T versions. In the S ver- 
sions, connections 1, 2, 3 and 4 
lie along one line while 5, 6, 7 and 
8 Не along the other line. 
The CA3130 can work off asym- 
metrical power supplies from 45 
to +16 V, or from 52.5 to £8 V 
symmetrical supplies. 
Figure 2 shows the block diagram 
of the CA3130. Input pins 2 and 
З сап be driven down to 0.5 У 
below the negative supply (pin 4). 
In many applications the output. 
сап be swung very nearly positive 
or negative supply level. For these 
reasons, the CA3130 is ideal for 
use with a single supply. 
Three class-A amplifier stages 
(shown as B, C and D in figure 2) 
provide the overall gain of the 
CA3130. A bias circuit (A) pro- 
vides two voltages for the first 
and the second stage. 
Pin 8 can be used for phase com- 
pensation, and/or to strobe the 
output stage into quiescence. 
When pin 8 is connected to the 
negative supply (pin 4), the out- 
put voltage at pin 6 rises almost 
to that of the positive supply volt- 
age on pin 7. This condition of 
essentially zero current drain in 
the output stage under the 
strobed ‘off condition can only 
be achieved when the ohmic load 
resistance presented to the ampli- 
fier is very high (e.g. when the 
amplifier is used to drive COS/ 
MOS digital circuits). 
Input stages 
The internal circuitry of the 
CA3130 is shown in figure 3. The 
circuit has a differential input 
stage with P-MOS field-effect 
transistors (T6 and T7), working 
into a mirror-pair of bipolar tran- 
sistors (T9 and T10) which 
function as load resistors. 
The output voltage of T10 is used 
to drive T11 in the second stage. 





Top view 


Strobe 


Phase Compensation —— = (8) 
Offset 
null 








Inv. input (2] 


Non-inv. © ore 
input 


Case connected to pin 4 
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Offset nulling, when desired, can 
be effected by connecting a 

100 kQ potentiometer across 

pins 1 and 5, with the slider con- 
nected to pin 4. 
Cascode-connected P-MOS transis- 
tors T2 and T4 are the constant- 
current source for the input stage. 
The bias circuit for the current 
source will be described later. 

The diodes D5-D7 provide protec- 
tion for the gate against high- 
voltage transients due, for 
example, to static electricity. 


Second stage 

Most of the voltage gain in the 
CA3130 is provided by the 
second amplifier stage, consisting 
of bipolar transistor T1 1 and its 
cascode-connected load resistance 
provided by P-MOS transistors T3 
and T5. The source of bias poten- 
tials for these P-MOS transistors 
will be described later, МШег- 
effect compensation (roll-off) is 
accomplished by simply con- 
necting a small capacitor between 
pins 1 and 8. A 47 pF capacitor 
provides sufficient compensation 
for stable unity-gain operation in 
most applications. 


Bias-Source Circuit 

At total supply voltages some- 
what above 8.3 V, resistor R2 and 
zener diode D9 serve to establish 
а constant voltage across the 
series-connected circuit, con- 
sisting of resistor R1, diodes D1 
to D4 inclusive, and P-MOS tran- 
sistor Т1. A tap at the junction of 
resistor R1 and diode D4 provides 
a gate-bias of about 4.5 V for 
P-MOS transistors T4 and T5 with 
respect to pin 7. A potential of 
about 2.2 V is developed across 
diode-connected transistor ТІ 
with respect to pin 7 to provide 
gate bias for transistors T2 and 
T3. It should be noted that T1 is 
"mirror-connected' to both T2 
and T3. Since transistors T1, T2 
and T3 are designed to be ident- 
ical, the approximately 200 ША in 
Т1 establishes a similar current in 
Т2 and ТЗ as constant-current 
sources for both the first and 
second amplifier stages, respect- 
ively. At supply voltages some- 
what less than 8.3 V, the zener 
diode becomes non-conductive 
and the potential, developed 
across series-connected R1, 

D1 ... D4, and T1, varies directly 
with variations in supply voltage. 
Consequently, the gate bias for 
T4, T5 and T2, T3 varies in 
accordance with supply voltage 
variations. This variation results 
in deterioration of the power 
supply rejection ratio (PSRR) at 
total supply voltages below 8.3 V. 
Operation at total supply voltages 
below about 4.5 V results in 
seriously degraded performance. 
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Output Stage 

The output stage consists of a 
drain-loaded inverting amplifier 
using COS/MOS transistors Т8 
and T12 operating in the class-A 
mode. When operating into very 
high resistance loads, the output 
can be swung within millivolts of 
either supply rail. Because the 
output stage is a drain-loaded 
amplifier, its gain is dependent 
upon the load impedance. Typical 
op-amp loads are readily driven 
by the output stage. Because 
large-signal excursions are non- 
linear, requiring feedback for 
good waveform reproduction, 
transient delays may be 
encountered. As a voltage 
follower, the amplifier can 
achieve 0.01 per cent accuracy 
levels, including the negative 
supply rail. 


Applications 

In figure 4 the CA3130 is used as 
a voltage follower. The bandwidth. 
is 4 MHz and the slew rate is 

10 V/us. 

Figure 5 gives the circuit of a 
CA3130 as a peak detector for 
positive voltages. It should be 
noted that, because of internal 
capacitances, the bandwidth for 
small signals is less than for large 
signals. For a 6 V peak-to-peak 
signal, the 3 dB bandwidth is 

1.3 MHz, while for a 0.3 V peak- 
to-peak signal the 3 dB bandwidth 
is 240 kHz. 

In conclusion, figure 6 shows а 
circuit in which a CA3600E is 
used to boost the output power 
of the CA3130. The current con- 
sumption of а CA3600E as а 
class-A amplifier is 20 mA with a 
supply potential of 15 V. This 
arrangement increases the сштепі- 
handling capacity of the CA3130 
output stage by about x 2.5. 
With feedback, the closed-loop 
gain of the circuit is 48 dB. The 

З dB bandwidth is about 50 kHz. 
Output power is 150 mW with а 
total harmonic distortion of 10%. 


Figure 1. Connection diagram for 
the CA3130T. 


Figure 2. Block diagram of the 
CA3130 series of opamps. 


Figure 3. Basic circuit of the 
CA3130 series of оратрз. 


Figure 4. Voltage-follower circuit 
fora CA3130. 


Figure 5. Peak positive detector 
circuit for the CA3130. 


Figure 6. Increasing the output 
power of a CA3130 by con- 
necting a CA3600E. 











Table 
Typical values for the CA3130 
COS/MOS opamp. 
Supply voltage 
45V... +16 У ог+25 У... 38V 
Input offset voltage 
(Vp = 27.5 V) 8mV 
Input offset current 
(Vp = 7.5 V) 0.5 pA 
Input resistance 
+7.5 V) 1.5 х10120, 
Input quiescent current 
(Vp = $7.5 V) 5pA 
Input-voltage range 
*15V) — -05V..12V 
Maximum output voltage 
+15 V: RL 133V 
+15 V: ВЕ 15V 
Maximum output current 
(Vp = +15 М) lsource 22mA 
Isink 20mA 





Openoop gain (Vp = +15 V) 
when Vout = 10 Ур 


and RU=2k 110d8 


Unity-gain crossover frequency 
(Vp = £7.5 V) 

without compensation 15 MHz 
with compensation (Сс = 47 р) 
and 0 dB gain 4 MHz 
Input capacitance (Vp = 27.5 У) 


at 1 MHz 43pF 
Common mode rejection 
(Vp = +15) эоав 
Power supply rejection 

(Vp = $7.5 V) 32 рум 


Equivalent input noise 

(Vp = 27.5 V) when Rs = 1M; 
bandwidth = 200 КН2 23У 
Slew rate (Vp = 37.5 V) 

with open loop and C, 








30 V/s 
with closed loop and Сс = 56 p 
10 Уз 
These values are valid for an 
ambient temperature of 25?C. 
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5% digit panel meter 
Digilin, Inc., of Burbank, 
California, announce the іпіто- 
duction bf a 544digit panel meter, 
Model 2552, offering .01% accu- 
racy, four counting modes and 
100% overranging. Direct readout 
in measurement units, e.g., Ibs, 
CFM, PSI, makes the new instru- 
ment suitable for monitoring of 
weight, pressure, flow or other 
industrial processes. 

Model 2552 permits count by 
10's, 5'5, 2's and 1'5, Maximum 
readout in the ‘count by 10’s 
mode", including overrange, is 
199,990, with the least signifi- 
cant digit a ‘dummy’ zero. Full 
scale readout for count by 5’s, 
2’s and 175 is 50,000, 20,000 or 
10,000 respectively, plus 100% 
overrange. A Beckman (Sperry- 
type) display is utilized. 
Counting modes and decimal 
point location are selected by 
changing jumper wires on the 
rear connector. A hold function 
is also available at the connector. 
Automatic polarity, TTL compat- 
ible BCD outputs, display storage 
and a sealed case are other Геа- 
tures. Maximum resolution is 
100 ДУ per count (1 ШУ resol- 
ution is available as an option.) 
Other major specifications: tem- 
perature stability (0 to +50°C) is 
better than +005% full scale рег 
°C. NMNR is 30 dB at 60 Hz. 
CMNR is 100 dB at DC, 80 dB 
at 60 Hz. Input impedance is 
greater than 100 megohms and 
bias current is typically 20 nA 
(50 nA maximum). The panel 
opening required is a compact 
3.74"W x 2.05"H. 
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F-Dyne electronics 
establishes international 
division 

F-Dyne Electronics Company of 
Bridgeport, Connecticut has es- 
tablished an International Div- 
ision to sell their precision ca- 
pacitors to the overseas market. 
The new international 
will be located at 2200 Shames 
Drive, Westbury, L.L., New York 
11590. Telex 961474. 

F-Dyne Electronics Co. manufac- 
ture precision wound-film dielec- 
tric capacitors, and also epoxy, 
ceramic, dip-coated and metal 
cased types. 
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If you supply 
electronic components 
and would like to 
advertise in Elektor, 
please contact us at 
Canterbury, tel. (0227) 
54439 or telex elektor 
cantbry 965504. 








Candis Limited 


ELECTRONIC COMPONENT DISTRIBUTORS 
PO Box 25 - Canterbury Kent 
Telephone: Canterbury (0227) 52139 


Elektor 


printed circuit boards 
Prices as in this issue. 


Elektor 


component kits and individual components 
available by return of post from stocks at 


Canterbury. 
All prices include VAT and P. + P. 
ТОЗВА.......: £3.68 
TBA231 ..... £ 1.02 
CA1310AE...£ 2.37 
CA3080...... £0.79 


CD4011AE...£ 0.32 
CD4017AE .. .£ 1.80 
CD4049AE . . .£ 0.70 
MM5314N...£4.77 ТВА120 
SFE 6 mA (6 MHz Filter)........... £0.90 
Crystals for any requirement 
PH 100 5-digit 30 MHz freq. counter 
£ 99.50 


Write or phone for details. 
7 p.m. to 9 p.m. 
[ phone Dover (0304) 812332 















Leading com- 
ponent shops 
throughout 
the U.K. stock 
Elektor. Try your 
local shop or order 
direct from our office in 
Canterbury. Back copies are also 
available from our Canterbury 
office. 
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Чер Па 6 DIGIT. ALARM CLOCK, KIT - complet lest ease - bleep alarm - intensity 
Yellow Control - злобе - IA peii зана 
C280 250V +3 QUARTZ CRYSTAL TIMEBASE - sitsble for any digital clock 
Q.01uF— rem төв 52:768 kHz Min. Xtal: High eccuracy stability for clock or watch £2.60 
0:0470Е Зр 0125" 50 eps Kit - will provide stable 50 eps for clock IC's giving time accurate to with 
0.068uF — 5 Red 119 3 few seconds а month: contains PCB, 32.768 kHz Xtal, З CMOS IC's, trimmer, 
0,15uF 4p Transistors Yellow 21p C's, A's, IC skts DuC A EL УС £735 — 
0.22uF 5p 8C107/8 8p. Green 21р DL7O4E 0.3" Hed Common Cathode 7 segment LED display... опувбр _ 
0.33uF 7p BC109 9p 02" 01707  03"RedCALED £170  DL7A7 0.6” Red CA LED . £245 
ИИ E EET МКБ0253 4 or 6 digit 12 ог 24 hr format alarm clock ІС ..........#560 
. Diodes HESSE: мм5314 4/6 digitclock IC. £4.44 АҮБ1224 4digiclocklC ... £428 
IN@148 3p У Шохе 252. SOLDERCON IG PIN SOCKETS ing тр & суйл ропа Zap Sh Japi 
син he sensible method for lowest cost sockets for IC's, displays, CMOS, TTL (nylon — 
О E 144001 5p + supports available if required, Samples encl. with any pin order) E 
130, 7403/10/40 тар, 7441A TUN 5p Strip of 100 for 50р 400 for £2 1000 for £4 3000 for £10.50 
88p, 7473/121 32p, 7490 45p. TUP 5p 


74141 180. 741С 25р, 


In the pinning list for linear 

p.775), pins 1 and 8 of the 

mi САЗОВО are shown as 'phase 

compensation'. This is in ac- 

cordance with the 

аз И Lu ie 

datebook, but it is not cor- 

rect ... These pins are not con- 

] nected, and should be labeled 

Modifications to 
Additions to 

Improvements on 


Corrections in 
Circuits published in Elektor 


CMOS-CMOS-CMOS-CMOS-CMOS 


Widest stock range in UK - from RCA, Motorola, National, Siltek only 
CD4000 0.21CD4021 153 CD4040 1.86 CD4059 16.60 С04085 117 
604001 0.21 604022 169 CD4041 202 CD4060 229 CD4086 117 
CD4002 0.21CD4023 0.21 CD4042 1.37 CD4051 20.03 С04093 — 1.43 
срабоб 147CD4024 1.16 CD4043 202 С04062 733 CD4095 182 
CD4007 0:21 04025 0.21 CD4044 202 CD4063 222 CD4099 273 
CD4008 163604026 1.96 CD4045 229 С04065 1.05 МС14501 032 
CD4009 0.67CD4027 0.91 С04045 202 CD4068 026 МС14502 065 
CD4010 0.67 CD4028 140 CD4047 137 CD4069 0.28 МС14508 4.20 
CD4011 0.21 CD4029 1.96 CD4048 0.78 CD4070 0.26 МС14510 128 
CD4012 0.21 604030 065 CD4049 0.62 CD4071 0225 МС14511 195 
CD4013 0.63CD4031 405 С04050 0.62 CD4072 0.26 МС14518 187 
CD4014 1.62С04032 1.77 CD4051 257 CD4073 025 МС14520 1.87 
604015 12CD4033 248 CD4052 257 С04075 0:25 МС14528 0,87 
С04016 052604034 825 CD4053 257 CD40/6 163 МС14553 407 
CD4017 153CD4035 163 С04054 1.96 CD4077 065 MCI4S68 121 
CD4018 2:29 CD4036 7.88 CD4055 1.96 CD4078 0.26 МС14585 145 
CD4019 0.73CD4037 183 С04055 196 CD4081 0.26 ММ74С14 1.16 
CD4020 1.82 С04038 1.80 С040572430 С04082 026 


DUS 2%р 
рос 2%p 


SAE for full list 





ADD VAT at 8% (higher rate does not apply to any of above) 
10р рар on orders under £2 - Despatch is 1st Class Post BY RETURN ! 

Price List sent FREE with any order, or on request (an sse helps). Official orders 
welcomed (written or phoned]- Univs, Polys, Govt, Cos, etc. 

Export orders: Мо VAT. Add 35p (europe) 70p (overseas) for Air Mail рар. 





SINTEL, 53 K Aston Str. 
Oxford Tel. 0865 43203 





NOTE: Pin 4 is connected to сазе. 





Jointhe Digital Revolution 


Teach yourself the 
latest techniques of 
digital electronics 


Computers and calculators are only the beginning of the 

| digital revolution in electronics. Telephones, wristwatches. 
TV, automobile instrumentation — these will be just 

some of the application areas in the next few years 





Are you prepared to cope with these developme: 


This four volume course — each volume measuring 
113” x 8$" and containing 48 pages — guides you 
step-by-step with hundreds of diagrams and questions 
through number systems, Boolean algebra, truth tables. 
de Morgan's theorem. flipflops, registers, counters and 
adders. All from first principles. The only initial ability 
assumed is simple arithmetic 


At the end of the course you will have broadened your 
horizons, career prospects and your fundamental under 
standing of the changing world around you 














Also available — a more 
advanced course in 6 
volumes: 

1. Computer Arithmetic 
Boolean Logic 
Arithmetic Circuits 


Memories & Counters 


паву 


Calculator Design 


6. Computer Architecture 


Offer Order this together 
with Digital Computer Logic & 


Electronics for the bargain 
£5 price of £ 9.25, plus 50 p p & p. 
.95 plus 50 pp & p. 


Design of Digital Systems contains over twice as much 
information in each volume as the simpler course. Digital 
Computer Logic and Electronics. All the information in the 
simpler course is covered as part of the first volumes of 
Design of Digital Systems which. as you can see from its 
contents. also covers many more advanced topics 









Designer These courses were written so that you could teach 
Manager Yourself the theory and application of digital logic. 


Я Learning by self-instruction has the advantages of 
Enthusiast being quicker and more thorough than classroom 
Scientist ^ learning. You work at your own speed and must 
Engineer 'езроп by answering questions on each new piece 
Student — information before proceeding to the next. 


Guarantee — no risk to you 

If you are not entirely satisfied with Digital 
Computer Logic and Electronics or Design of Digital 
Systems, you may return them to us and your 
money will be refunded in full, no questions asked. 





Digital Computer 
Logic and 
Electronics 


A Self-instructional Course 
Basic 
Book ЕЕ? 


computer 


logic 


Book » oa 


circuit 
elements 


= Designing circuits 
Book to carry out 
logical functions 


Flipflops 
апа 





Quum £3.95 


Logic and 
з plus БО p packing and 
Electronics surface post anywhere 


in the world 


Quantity discounts 
available on request. 


Payment may be made 
in foreign currencies. 


VAT zero rated. 





PES TUE I E ЕВ1 


To: Cambridge Learning Enterprises, 
FREEPOST, St. Ives, Huntingdon, Cambs PE17 488 


* Please send me ..... set(s) of Digital Computer Logic 
& Electronics at £ 4.45 each, р & p. included. | 
ог... зец) of Design of Digital Systems at £ 6.45 | 
each,p & р included. 


r 
| 
| 
| 
| 
| «ос... combined зеца) at £9.75 each, p &p included. 
| 
| 
| 
| 
| 
| 








Мате... 
Address . 





* delete as applicable. 





No need to use a stamp — just print FREEPOST on the envelope. 


EI——— аа J 











Motorola LED sentries never die. № 


Unlike filament indicator lamps, Motorola Light Emitting 
iodes don't die. 
They come in three colours— red, yellow and green— 
and in viewing angles to suit all applications. 
We're so confident of your determination to be 
up-to-date, that we've invested heavily to give you 
the LEDs you want, when you want them. 
Use indicator lamps that are worthy of your 
equipment. Use Motorola LEDs as sentries to 
watch over it. 
To find out more about the design 
possibilities of these high-reliability 
products, just send for the new 
Motorola Opto Electronics brochure, 
which gives you information about our 
light detectors and couplers too. 
You'll find it profitable reading. 


mamme: 





(M) мотоногА Semi puc MT 
\ y LE LA Бе iconductors Dist sors Celdis Ltd "Reading! East Kilbride. 











